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ABSTRACT

The thesis addresses the effects that constraints inherent to the
Canadian grain transportation and handling system had on Prairie farm
incomes from 1975 to 1980. System constraints affect gross margins'
through the quantity of product marketed, the price received (specifi-
cally the domestic price), the use of variable inputs, and the alloca-
tion of land between crops as well as between competing agricultural us-
ages.

A recursive simulation procedure is specified to analyze the effect
of system constraints on producer decision behaviour. A historical sim-
ulation, replicating past behaviour, is compared to a production simula-
tion estimating behaviour under an unconstrained system and a technology
simulation predicting a more rapid adoption of crop technologies. The
latter assumes producers have sufficient confidence in the system to in-
crease fertilizer application rates and stubble cropping rates. To de-
termine the total historical impact on income the differences in gross
margins between the historical simulation and each of the unconstrained
simulations are added together for each year between 1975 and 1980. The
Canadian Savings Bond rate was used to account for the loss or gain in

interest income,

! Gross margin is defined as sales revenue minus operating expenses.
Fixed costs are assumed to be similar between simulations.
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Producers are estimated to have lost income because of constraints
affecting behaviour from 1975 to 1980. Given adequate capacity, the
compounded annual difference in producer gross margins is forecasted to
increase by an additional $1.1 million by 1980. Based on the compounded
annual difference in gross margin between the technology and historical
simulations, producers would have an additional $3.1 billion by 1980 if
they responded to adequate capacity by farming more intensively.

A build up of grain stocks in 1979-80 caused the historical income to
exceed the unconstrained estimates of income. The gross margins in-
creased above historical simulated levels in both capacity simulations
in all years except 1979-80. Adequate capacity resulted in more grain
sales occurring from 1976 to 1978 and 1in 1980 because of either in-
creased production or a shift in production to favour higher valued
grains such as wheat. However, in 1979-80 these production changes are
estimated to provide insufficient production to compensate for the his-
torical build up in grain inventories available for export from 1978-79.

Producers are predicted to respond to the removal of constraints by
increasing the area seeded. Average annual seeded area is predicted to
increase from 18.4 million hectares in the historical simulation to 18.8
million hectares in the production simulation and to 22.4 million in the
technology simulation. The increase in seeded area in the production
simulation is primarily due to reduced summer fallowing; however, pro-
duction is predicted to decline in some years because of the lower yield
obtained on stubble seedbeds and increased production of lower yielding
crops such as wheat angd canola. In the technology simulation, the addi-
tional area from reduced summer fallow and reduced area seeded to the

non-principal crops is forecasted to be sufficient to offset the produc-
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tion decrease brought about by the factors noted previously. Farming
more intensively 1is estimated to benefit secondary industries such as
fertilizer and chemical companies by an additional $270 million ($1980)
in the production simulation and by an additional $3.5 billion ($1980)
in the second simulation.

The results suggest several major implications from providing ade-
quate capacity during the seventies. Prairie farm management practises
would have to change to allow more intensive farming. Agricultural pol-
icies affecting adoption rates would have to be reviewed in terms of
providing incentive to producers to accelerate the continuous cropping
practises and fertilizer use.

Producers are expected to further specialize in wheat production
which would increase the wvulnerability to negative price movements
against wheat, climatic changes, insects and disease.

An adequate transportation capacity fully paid for by producers would
benefit producers only if they responded by accelerating adoption rates.
The $3.{ billion compounded gross margin generated in the third simula-
tion is forecasted to exceed the $2.0 billion shortfall previously ab-
sorbed by the governments and railways as well as the $600 million cost
required to market the additional exports. However, producers are pre-
dicted to be worse off if adoption rates remain unchanged. Producer
losses are estimated to be approximately $1.0 billion after covering the
existing transportation cost shortfall and added transportation cost of
$80 million.

In summary, the study indicates that producer gross margin was fore-
gone during the latter part of the seventies because of system con-

straints. System participants should review policies which affect the



system capacity and adoption rates to minimize losses to agriculture,

related industries and governments.
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Chapter I
INTRODUCTION

A general perception exists that transportation constraints limited
Prairie grain producers' ability to sell cereal grains to international
buyers.  The Canadian Wheat Board? (CWB) estimated that insufficient
transportation capacity caused $1.1 billion of sales to be lost or de-
ferred in 1972, 1978 and 1979. A lost sale; however, has a significant-
ly different impact on producers' financial situation than a deferred
sale. A lost sale means that the revenues are foregone while deferred
sales can result in an increase, decrease or no change in income because
of the interyear changes of grain prices and storage costs.

According to Harvey,® deferred sales become foregone sales. Produc~-
tion plans are scaled down as producers pay excessive storage costs due
to stock accumulation. This relationship is hypothesized, but has yet

to be tested.

2 Jean-Luc Pepin, Minister of Transport, in an address to Saskatchewan
Wheat Pool's 1980 Annual Meeting of Delegates, Regina, November 20,
1980.

8 David R. Harvey, Christmas Turkey or Prairie Vulture? An Economic
Analysis of the Crows Nest Pass Grain Rates, (Montreal: The Institute
for Research on Public Policy, 1980), p. 83.

4 Colin Carter, Neil Hamilton and Om P. Tangri, The Impact of Transpor-
tation System on Producers' Grain Revenue, (a report prepared for the
Research Branch, Canadian Transport Commission, February 1982), pp.
21_23‘
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Carter et al.? argued that transportation capacity restricted the
movement of grain in 1973/74, 1974/75, 1977/78 and 1978/79.  They sug-
gested that producers benefited from these inefficiencies as long as the
stored product was subsequently sold at a price in the following year
which exceeded storage and interest costs. The Carter study estimated
the gain or loss in revenue given historical production but did not de-
termine the accurred net effect on producer revenues or any change in
production plans.

United Grain Growers® argued that grain movement was hindered only in
1978/79. Based on an analysis of actual and potential performance of
the grain fleet, United Grain Growers came to the following conclusion:

For the three years 1973-74 to 1975-76 production was simply
not great enough to sustain rail movement at the high levels
of 1971-72 and 1972-73 . . . There 1s, however, no evidence to
suggest that boxcar shortages consistently inhibited movements
in 1976-77 or 1977-78 . . . Only in 1978-79 did the actual use
once again climb into the calculated range of fleet capacity
as it did in the 1971-73 period and hence only for the 1978-79
period is there evidence that lack of rolling stock was a con-
straint.

The above studies and presentations identified years affected by con-
straints and in some cases, estimated the revenue effects. Direct ef-
fects such as lost or foregone sales as well as revenue losses or gains
were noted without detailing the accompanying effects on the type of
crop produced and rate of technological adoption. To determine the dy-
namic impact of the constraints requires identifying when the events oc-
curred and how farmers adjusted to higher grain inventories. Only after

these impacts have been identified and the adjustment measured, 1is it

possible to determine the farm income lost.

S United Grain Growers, "Dimensions of the Box-Car Shortage," Appendix
C, United Grain Growers 73rd Annual Report, (Winnipeg: United Grain
Growers, 1979), pp. 49-52.



1.1 CEREAL GRAIN MARKETING CONSTRAINTS

This study focuses on the impact of domestic marketing constraints®
on grain and oilseed exports. For the five principal grain and oilseed
crops,’ exports account for approximately 55 percent of net farm dispo-
sition. By comparison, 21 percent of net farm disposition is sold to
domestic users while the remaining 24 percent is utilized on farms. The
impact of marketing constraints on exports has even greater significance
assuming that one of the grain industry's objectives 1is to increase
sales to foreign buyers.

The cumulative impact of all domestic marketing constraints are exam-
ined in this study rather than the impact of a particular constraint.
Research usually has focused on one domestic marketing constraint in
isolation of the effect of other concurrent constraints. For example,
substantial research® has focused on the inefficiencies of moving Prai-
rie grain under statutory rates, ceteris paribus. However, marketing
constraints of various forms have simultaneously affected the commercial
grain marketing system. The cumulative effect of these constraints will

have the greatest impact on producer behaviour.

 Constraints are reviewed in terms of the impact of the physical capac-
ity of the entire transportation and handling system (all components).

? Canada Grains Council, Prospects for the Prairie Grain Industry 1990,
(Winnipeg: Canada Grains Council, 1982), pp. 119-124.

8 An overview of transportation problems in western Canada, as well as
reference to several related articles 1is published in the following
report: W.W. Wilson and E.W. Tyrchniewicz, "The Role of Transporta-
tion In the Development of Western Canadian Agriculture," (a report
prepared for the Canada West Foundation Task "Force on the Role of Ag-
riculture in the Economic Development of Western Canada, Department of
Agricultural Economics, University of Manitoba, Winnipeg, Manitoba,
January 1980).
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Although all constraints are considered, only the effect of marketing
system constraints are deemed to be the result of business behaviour.
Constraints are defined as system or natural depending on the source of
the constraint. System constraints are derived from the marketing envi-
ronment and include factors such as social and economic policies, and
management-labour disputes. Natural constraints are generated by nature
and consist of weather related influences such as droughts and frosts.
Both types of constraints can vary in duration and impact; however, only
system constraints are considered within the grain system's ability to
mitigate.

Cereal marketing constraints as defined above seriously affected
Prairie exports in six crop years between 1970-71 and 1980-81.° Exports
were limited in three crop years (1972-73, 1973-74, and 1974-75) largely
due to inadequate supplies caused by natural constraints. Three addi-
tional years (1975-76, 1977-78, and 1978-79) were influenced primarily

by system constraints.

1.2 IMPACT OF MARKETING CONSTRAINTS

Marketing system constraints prevent the movement of cereal grains to
export position thereby creating a domestic surplus. This surplus is
either stored, marketed into the domestic market or consumed on farms.
In the case of storage, stocks accumulate on farms as the Canadian grain
storage system has evolved at the farm level. 1In the other cases, cere-
al grain is sold based on open market prices for use in processing or

for livestock feed. The surplus grain entering the domestic market de-

% Please refer to Chapter 1II for a more detailed discussion of crop
years influenced by constraints.
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presses regional prices and, depending on price elasticities, increases
domestic usage.

Producers adjust to the lower price and higher inventory conditions
by reallocating resources to maximize their net return, The share of
each crop seeded is likely to be affected as well as the total area
seeded. Historically, land has been shifted between crops as a reaction
to price movements. Land is reallocated towards the relatively higher
valued grains such as wheat and crops least affected by constraints.
Producers are also expected to farm less intensively by reducing usage
of variable inputs such as fertilizers and chemicals as well as increas-
ing area fallowed.

Resources also are shifted to favour increased domestic usage of feed
grains to take advantage of depressed domestic prices. The livestock
sector is expected to take advantage .of lower priced feed grains; how-
ever, the supply response of each subsector is dependant upon livestock
prices, institutional constraints and expectation of long- versus short-
term constraints. The oilseed crushing industry is expected to increase
production as farmers diversify by growing more rapeseed.

The rate of technological adoption also could be reduced in response
to domestic marketing constraints depending on the relative income
changes. Constraints may lower the combined export and domestic revenue
to levels below those obtained in the absence of constraints. As a re-
sult, producers may delay incorporating a new innovation because the

cost exceeds the expected revenue.



1.3 PURPOSE, METHOD AND APPROACH

The objectives of this study are as follows:

1. to estimate the farm gate gross margins of Prairie cereal grain
producers from the 1970-71 to 1980-81 crop years;

2, to determine the effect of Prairie producers' responses, in terms
of gross to a constraint-free marketing environment from 1974-75
to 1980-81, ceteris paribus; and

3. to simulate gross margins in a constraint-free environment with

an accelerated rate of adoption, ceteris paribus.

An understanding of the producer decision-making process is necessary
to estimate gross margins'® at the farm gate. Producer behaviour is hy-
pothesized and empirically tested using a series of analytical models
culminating in a model estimating gross margins. A key model estimates
the supply and disposition relationships for the five principal crops
and requires information on expected prices and yields, and area seeded.
This model simulates domestic and export sales, and area seeded which
are used to estimate the revenue and cost components of gross margin.

A simulation procedure is followed to measure the influence of domes-
tic marketing constraints on gross margins. In the first scenario, a
historical simulation is used to evaluate the ability of the analytical
models to explain actual relationships and estimate a historical stream
of gross margin. It is also used as a benchmark for comparison with the

second scenario.

' Gross margin is defined as the receipts less variable production
costs with the fixed costs assumed to be similar between scenarios.
For more information, please refer to Chapter 1II.
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In the second scenario, two simulations are used to estimate the
gross margin resulting from the production and technology adoption re-
sponses of producers to the removal of system constraints. The produc-
tion simulation estimates the gross margin derived from the new crop mix
and corresponding production resulting from lower grain and oilseed
stocks.  The technology adoption simulation generates the crop produc-
tion due to a higher rate of adoption than was observed historically
combined with the production response to minimum carryovers. The accel-
erated adoption rate involves expanding the use of fertilizer more rap-
idly and reducing the area summer fallowed at a greated rate than his-
torically occurred.

The net gross margin impact of marketing constraints 1is evaluated
based on the accrued differences between the three simulations. For
each year, the gross margin obtained in Scenario One is subtracted from
the gross margin obtained in each of the Scenario Two simulations. The
two sets of annual differences in gross margin are compounded to 1980 to
allow a comparison between the two time streams of revenue.

The compounded difference in gross margin reflects the opportunity
costs arising from marketing system'constraints from 1975 to 1980. The
difference in gross margin derived from the first and second simulations
is the revenue available for investment as a result of an altered pro-
duction mix and level. The accrued net difference between the first and
last simulation is the revenue obtained from incorporating new innova-
tions at a faster rate as well as altering the production mix and level.
A priori, the net revenue gain or loss resulting from economic con-
straints is difficult to predict. Gross margin losses in constrained

years may have been greater than, equal to or less than gross margin
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gains in years without constraints depending on the relative intertempo-
ral price relationships.

The remaining chapters provide a more detailed discussion and analy-
sis of the problem introduced in this chapter. Chapter II presents the
background theory, framework, assumptions and related studies as they
apply to this analysis. The empirical procedures including model speci-
fications, statistical techniques, data and information sources are pre-
sented in Chapter III. Chapter IV contains the empirical results while
Chapter V presents a brief summary of the thesis as well as major con-

clusions and recommendations.



Chapter II

BACKGROUND

The working hypothesis of this study 1is that domestic marketing sys-
tem constraints reduced producer gross margins during the seventies.
The theoretical framework from and within which the analysis is devel-
oped is presented in this chapter. Support for the above hypothesis is
developed by relating the theoretical framework to observed historical
events. This is followed by a brief discussion of the basic assumptions
necessary to conduct the study and a review of relevant research and

literature.

2.1 THEORETICAL FRAMEWORK

Based on pure competition market theory, Prairie producers are as-
sumed to be rational, profit maximizers operating in a pure competitive
input and output market. As a result, producers attempt to maximize the
difference between total revenue and total costs.'' Total revenue is
given by the quantity (g) sold multiplied by the fixed price (p) re-
ceived. Total cost is derived by multiplying the quantity of input (r)
purchased by the price of the input plus the cost of the fixed inputs
(b):

m=py gy - (ry xy + r; x2 + b) (2.1)

'V J.M. Henderson and R.E. Quant, Microeconomic Theory: A Mathematical
Approach, 2nd Edition (McGraw-Hill: New York, 1971), pp. 55-75.

- g -
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This relationship 1is reworked to reflect the change in income ob-
tained from two alternative sets of cereal grain production given the
same set of resources. The fixed cost components of the income rela-
tionships cancel because the same level of fixed inputs are used in all
simulations. The equation is reduced to the change in revenue minus the
change in variable costs associated with production and is expressed as

gross margin:

GR = ({pg)z = (pg)y ) - ({ry xy + 13 X3 )y
- (r1 Xy * Iy X2 )1 ) (2.2)

A causal relationship is hypothesized to exist between marketing sys-
tem constraints and both revenues and production costs. Marketing sys-
tem constraints are hypothesized to reduce crop revenues by lowering the
price received for a given quantity. Constraints which prevent the
movement of cereal grains to export positions cause producers to either
store or sell the grain domestically. Storage and incidental storage
costs reduce revenues obtained if grain is stored and subsequently sold
for a price equal to or lower than the original export price. The rev-
enue obtained by selling the product domestically is also lower due to a
surplus of grain entering the open market or sold through livestock
(feed grains only). In both the storage or the domestic sale situation,
realized crop revenue is lower than revenue derived from an optimum com-
bination of domestic and export sales without marketing system con-
straints.

This non-optimum pricing environment causes a reallocation of re-
sources with respect to primary agriculture production. Some producers

may maintain their production decisions because they view the con-
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straints as short-term or they have complete confidence in the marketing
institutions' ability to move the excess grain. However, many cereal
grain producers are likely to modify their planting intentions by redis-
tributing seeded area between crops and farming less intensively. While
seed area is reduced, area cultivated traditionally has not varied due
to constraints. Land 1is reallocated towards the higher valued grains
(to offset potential storage costs), grains with the lowest relative on-
farm inventory and forages. Marginal land could be reassigned to live-
stock production in the case where the cost of cropping the land exceeds
the expected revenue. Therefore, cereal grain producers have the option
of altering the seeded area and reassigning land to other agricultural
uses.

The production mix within the agriculture sector is shifted towards
increased regional processing due to the non-optimum pricing environ-
ment. Lower domestic prices are likely to encourage producers to sub-
stitute or increase the percentage of Prairie feed grains 1in their ra-
tion mix. In the iong—run, total livestock production is expected to
increase as producers take advantage of lower production costs. Hog
production, 1in particular, may increase over and above the increase in
other forms of livestock production as hog producers can take advantage
of the shorter production period for hogs. Poultry and dairy sectors
are expected to maintain production levels as both industries have sup-
ply-oriented marketing boards with production guotas.

The production increase in the livestock sectors is expected to be
modified by the following factors: price of livestock, the point in
time in the production cycle, the position in the cycle of culling or

building up of herds, tariffs, export quotas, export restrictions, in-
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terest rates and the perceived duration of constraints (i.e., short- or
long- term). The livestock industry's response to changing feed grain
prices 1is empirically difficult to estimate by isolating these factors.
Available studies'? require substantial alteration to be incorporated
into this analysis. It is felt that the time required to develop a
suitable model would be better spent focusing on grain producers as the
primary focus of this study is grain producers. Therefore, although
there are important impacts on livestock producers due to marketing sys-
tem constraints, livestock demand remains at historical levels in the
analysis with demand unaffected by removing system constraints.

As traditional crops are likely to be constrained, producers are ex-
pected to increase production of non-traditional crops. In particular,
producers are likely to increase rapeseed production which will cause
crushers to increase production as producers will sell their product at
lower prices. Oilseed crushers are likely to increase their production
capacity as a result of the increase in crushing margin.

The non-optimum bricing environment would also affect the rate of
technological adoption within the agriculture sector and within the ce-
real grain subsector in particular. At the most basic level, producers
would have less capital to invest in agricultural innovations. The de-
pressed price for a particular crop may be low enough for it to be un-
economical to incorporate the new technology. This reduction 1in the
rate of technological innovation is costly to both the individual and

society as the postponement of a profitable innovation is a foregone ec-

'2 gee Quarterly Canadian Feed Grains Forecasting Model, Version 1,
Working Paper, (Ottawa: Agricultural Canada Policy, Planning and Eco-
nomics Branch, 1979); Christmas Turkey or Prairie Vulture? An Eco-
nomic Analysis of the Crow's Nest Pass Grain Rates, D.R. Harvey,
(Montreal: Institute for Research on Public Policy, 1980).
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onomic benefit.

2.2 HISTORICAL PRESENCE OF DOMESTIC CONSTRAINTS

Domestic constraints are indicated by the historical presence of pro-
ducer responses and price changes based on theoretical expectations.

System constraints cause the following changes:

1. an increase in on-farm carryovers (as well as an increase in de-
murrage charges);

2. an increase in the share of the transportation system allocated
to higher valued grains relative to lower valued grains;

3. a decrease in domestic prices;

4. an increase in hog production; and

5. an increase in canola crushing.

The crop years 1969-70 to 1980-81 are examined for these conditions to
determine the existence of domestic system system constraints. The crop
year, 1969-70, 1is included in the analysis as occurrences in that crop
year affect stock levels in 1970-71, Where appropriate, wheat, oats and
barley are used as examples.

The level of on-farm grain inventories is the first indicator used to
identify constraints. On-farm stocks reflect constraints to a greater
extent than commercial stocks as Canada's grain storage has evolved at
the farm level. As stock levels may increase because of higher produc-
tion levels as well as marketing system constraints, several additional
indicators are used to determine the cause of the increases.

Total grain stocks were high in two periods during the seventies as

indicated in Table 2.1.



Table 2.1

Total March On-Farm Grain Stocks for the Five Principle
Grains, Prairie Provinces

1969-1981

Year Total Stocks

- 000 tonnes -
1969 23,803
1970 23,164
1971 25,847
1972 24,935
1973 19,323
1974 18,517
1975 15,323
1976 15,180
1977 21,292
1978 23,952
1979 26,221
1980 21,899
1981 18,419

Source: Statistics Canada;~Fiéld-Crop~Reporting Series, Cat. No.
22-002.
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High stock levels existed from March 1969 to March 1972 with grain in-
ventories in excess of 20 million tonnes. Grain inventories peaked at
33 million tonnes ip 1970 then steadily declined to a low of 15 million
tonnes in March 1976. Grain inventories returned to levels in excess of
20 million tonnes during the second period; from March 1977 to March
1980, with a high of 26 million tonnes in 1979, Based on the level of
March grain inventories, the two periods require further review to de-
termine if domestic constraints caused the increase in stocks.

The first period of stock increases (March 1969 to March 1972) was a
period of relatively high production (see Table 2.2) and slow growth in
demand for exports (see Table 2.3). The March 1970 increase was preced-
ed by a bumper crop year with production increases for all crops. The
surplus was stored as world demand grew slowly in this period due to a
reasonably good harvest world wide, particularly for wheat. The Lower
Inventories for Tomorrow (LIFT) program was introduced in 1970 to remove
land from production in an attempt to lower inventories. The intended
effect of LIFT was partially offset in 1971 due to a significant in-
crease in yields obtained from summer fallowing land. The surplus was
stored as relatively good crops worldwide reduced world demand from

1969-70 to 1971-72,



Table 2.2

Production for the Five Principal Grains, Prairie Provinces

1968-1980
Year  Wheat Oats Barley Rapeseed Flaxseed Total
- 000 tonnes -
1968 17,240 3,900 6,700 400 500 28,740
1969 17,830 4,200 7,700 800 700 31,230
1870 8,560 4,300 8,500 1,600 1,200 24,160
1971 13,970 4,500 12,600 2,200 600 33,870
1972 14,030 3,700 10,800 1,300 500 30,330
1973 15,700 4,300 5,800 1,200 500 31,500
1974 12,710 3,100 8,400 1,200 400 25,810
1975 16,370 3,600 9,000 1,800 400 31,170
1976 22,810 4,100 10,100 800 280 38,090
1977 18,900 3,600 11,400 2,000 650 36,550
1978 20,620 2,800 9,900 3,500 580 37,400
1979 16,360 2,100 7,900 3,400 820 30,580
1980 18,400 2,200 10,700 1,800 940 33,540

Source: Statistics Canada, Grain Trade of Canada, Cat. No.
22-2001.




Table 2.3

Total(a) Production and Exports for the Major Producing Countries

1969-1980
Production Exports

Wheat and

Year Total Wheat Total Wheat Flour
- million tonnes -

1969 488 306 56 47
1970 495 315 62 49
1971 541 349 66 51
1972 531 343 83 70
1973 579 372 78 64
1974 561 357 77 65
1975 543 356 86 72
1976 645 421 77 64
1977 600 384 97 80
1978 680 447 95 79
1979 630 424 112 94
1980 652 443 115 99

(a) All Wheat, Oats, Barley.

Source:  Canada Grains Industry Statistical ‘Handbook,
Tables 15, 17 and 29.
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High stocks also occurred from March 1977 to March 1980. Carter et
al'? compared carryover-to-production ratios and market shares for Cana-
dian wheat and barley and American wheat and corn. Their analysis sug-
gested that the build up of inventories during 1977-78 and 1978-79 was
primarily due to marketing system constraints. The large increases in
Canadian carryover-to-production ratio could not be explained by either
production or world market conditions.

This analysis of constraints is supported by examining demurrage
charges for wheat, oats and barley as indicated by Table 2.4. Demurrage
charges increased by $20 million between 1976-77 and 1977-78 and re-
mained high in f978—79. The cost per tonne for wheat increased from
$0.12 in 1976-77 to $1.06 in 1977-78 and reached $1.92 in 1978-79. The
combination of the high demurrage costs indicating ships were waiting
for loading, and both production and carryover levels suggest that the
marketing system was unable to provide adequate supplies at export posi-
tions.

Transportation constraints also are likely to cause a shift 1in the
share of the transportation system to favour higher valued grains rela-
tive to lower priced grains. The percentage share of bulk exports for
the five crops is used to calculate an annual crop ratio relative to

wheat (see Table 2.5).

13 colin Carter, Neil Hamilton and Om P. Tangri, The Impact of Transpor-
tation System on Producers' Grain Revenues, (a report prepared for
the Research Branch, Canadian Transport Commission, February 1982).
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Table 2.4

Demurrage Charges for CWB Grains

1973-74 to 1980-81

Crop Year -Total Wheat Oats Barley Wheat Oats  Barley
dollars «.....cost/tonne..... ....cost/bushel.......
1973-74 17,102,725 0.79 0.00 0.68 0.02 0.00 0.01
1974-75 4,937,745 0.31 0.00 0.44 0.01 0.00 0.01
1975-76 3,308,731 0.79 0.00 0.24 0.01 0.00 0.01
1976-77 2,164,390 0.12 0.00 0.09 0.00 0.00 0.00
1977-78 22,131,500 1.06 0.00 1.22 0.03 0.00 0.03
1978-79 13,145,617 1.82  13.80 1.44 0.05 0.21 0.03
1979-80 5,137,464 0.56 0.35 0.95 0.02 0.01 0.02
1980-81 2,226,982 0.23 0.00 ©0.06 0.01 0.00 0.00

Source: CWB, CWB Annual Report, 1970-71 to 1980-81 issues.




20
Table 2.5
Shares of Bulk Exports Relative to Wheat

1969-70 to 1980-81

Crop Percentage of Bulk Export Share OQOats Barley Canola Flaxseed
Year Wheat Oats Barley Canola Flax- /Wheat /Wheat /Wheat /Wheat

seed
1969-70 75 0.6 16 4 4 0.0t 0.21 0.06 0.05
1970-71 65 1.2 22 6 3 0.02 0.34 0.09 0.05
1571—72 65 0.8 24 5 3 0.00 0.37 0.08 0.05
1972-73 73 0.5 17 . 5 2 0.00 0.23 0.08 0.03
1973-74 73 0.1 17 6 3 0.00 0.23 0.08 0.04
1974-75 73 0.1 20 4 2 0.00 0.27 0.05 0.03
1975-76 68 1.6 24 4 1 0.02 0.35 0.06 0.01
1976-77 69 2.7 20 5 2 0.04 0.29 0.07 0.03
1977-78 75 0.4 16 5 1 0.00 0.21 0.07 0.01
1978-79 67 0.1 19 9 3 0.00 0.28 0.13 0.04
1979-80 70 0.5 18 8 2 0.01 0.26 0.11 0.03
1980-81 73 0.2 15 6 2 0.00 0.21 0.09 0.03
AVERAGE 71 0.7 19 6 2 0.0t 0.27 0.08 0.03

Source: Canadian Grain Commission, Canadian Grain Exports.
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Wheat movement would be favoured at the expense of oats and, to some
extent, barley within the framework of CWB sales commitments. As indi-
cated ianable 2.5, the share of the system allocated to oats was zero
in both 1977-78 and 1978-79. Sufficient stocks appeared to be available
as available supplies were relatively high in 1977-78 though available
supplies declined in 1978-79. In addition, demurrage charges for
1978-79 suggest that vessels were waiting for oats for extended time
periods (see Table 2.4). The combination of low stocks and demurrage
charges suggest inadequate supplies contributed to reduce exports rather
than domestic constraints in 1978-79. Although this information appears
to support restricted marketings in 1977-78, a definite conclusion is
difficult te draw without additional 1information concerning CWB sales
intentions. The CWB may have been marketing wheat and/or barley more
aggressively, but, oats sales are often small and erratic, and the vol-
ume available for export is relatively small.

A similar situation exists when barley shares are considered. Bar-
ley's 0.21 ratio relative to wheat in 1977-78 was tied with the lowest
ratio in the 13 years examined, despite having available supplies in ex-
cess of the previous four years. In the following year, the barley/
wheat ratio rose to 0.28 while available supply was above the 1977-78
level. Barley sales may have deferred until 1978-79; however, sales in-
formation necessary to substantiate this conclusion is unavailable.

Additional evidence for constraints affecting barley is provided by
comparing Canadian and American prices ($Canadian) for barley as estab-
lished by the CWB, the Winnipeg Commodity Exchange (WCE) and the Minne-

apolis Duluth Exchange (MDE).'* Both American domestic prices and Cana-

Y4 Colin A. Carter, Allister B. Hickson and Daryl F. Kraft, "Export Con-
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dian export prices are higher than Canadian domestic prices if Canadian
domestic constraints cause a localized surplus of barley. Table 2.6 in-
dicates that the 1977-78, 1978-79 and 1980-81 crop years contained lower
prices for barley traded on the WCE than traded on the MDE or handled by
the CWB.

The relationship reported by Martin'® between pork supply and grain
stocks were also examined. Grain producers dispose of surplus grain
stocks either by selling the stocks to feed mills and feed lot operators
or increasing their own production of livestock. Figure 2.1 shows that
pork supply increased in the two periods identified as having surplus
grain stocks.

The number and capacity of oilseed crushers is also examined to de- -
termine if capacity increased during the two periods of constraints. As
indicated in Table 2.7, capacity increased from 1972 to 1979, while the
number of crushers also generally increased except in 1976. During the
same time, total production including seed, oil and meal was quite vari-
able. Based on this information, oilseed crushing capacity cannot be

conclusively related to stock levels.

straints and Canadian Feed Grain Policy," (unpublished paper, Univer-
sity of Manitoba, 1982), p. 5a.

'S Larry Martin, "Economic Intervention and Regulation in the Beef and
Pork Sectors," Economic Council of Canada.
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Table 2.6

Average Prices Received For Feed Barley

(sCanadian)

Crop year CWB(a) WCE(b) Duluth(cd)

..... ceeeessssnanssassesas@0llar per bushel.iieeeeeeereneeeroncnnsennns
1974-75 121.28 123.57 120.85
1975-76 108.96 108.80 114.45
1976-77 95.55 91.88 103.28
1977-78 93.09 77.30 87.02
1878-79 96.13 82.73 101.10
1979-80 110.36 117.22 116.17
1980-81 158.21e 145.85 143.45
1981-82 144.43e 122.13 121.61

@ The CWB Annual Reports, Statement of Operations and Surplus for
Distributuion to Producers On the Crop Year Pool Account-Barley Period
August 1 to October 31, Winnipeg, Canada.

b Average cash price, Winnipeg Commodity Exchange basis Thunder Bay.

c Grain Market News, Agriculture Marketing Service, USDA, Washington,
D.C. Weekly Summaries 1970-1980.

d US-Canadian dollar exchange rates were from Bank Review, Bank of
Canada, Ottawa, Canada.

e Sales to July 31 only and is comparable to the previous number
but not equivalent to prices received by farmers because pool
prices were from two crop years ending July 31.
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Table 2.7

Number and Capacity of Oilseed Crushers

Rapeseed
Number Capacity Production
tonnes million tonnes

1970 3 10,300 1,600
1971 3 10,300 2,200
1972 3 11,200 1,300
1973 4 22,200 ' 1,200
1974 5 47,000 1,200
1975 6 63,000 1,800
1976 5 67,100 800
1977 7 86,500 2,000
1978 8 31,600 3,500
1979 8 95,000 3,400
1980 8 95,000 1,800

Source: Canadian Grain Commission, Licensed Elevator and Statistics
Canada, Cat. No. 32-006.

In summary, the crop years 1969-70 to 1980-81 were reviewed to iden-
tify the existence of domestic marketing system constraints. On-farm
carryover was used to identify two periods, 1968-69 to 1971-72 and
1976-77 to 1979-80 as having surplus stock caused by either a lack of
export demand or transport capacity. The first high stocks resulted
from a combination of good crops and relatively slow demand. The second
high stocks were due largely to domestic constraints as evidenced by
carryover-to-production level, demurrage charges, domestic barley pric-

es, and pork supply.
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2,3 ASSUMPTIONS

Analytical models are used to simulate producer response to domestic
constraints. As with all models attempting to simulate real world rela-
tionships, certain boundaries are drawn to make the study more manage-
able. The following assumptions'® are required to simplify the modeling
process.

World demand 1is assumed to be sufficient to absorb the increase in
Canadian exports resulting from the removal of constraints. This as-
sumption is reasonable to a certain extent; however, there has been a
trend towards importing countries decreasing their reliance on imports
by increased self-sufficiency. In addition, the recent United States
embargo against Russia caused importers to seek "security of supply" by
limiting the amount of grain purchased from an individual country.

Canada is assumed to be a price taker in the world grain market and
as a result, world prices would be wunaffected by a change in the level
of Canadian exports. This assumption is reasonable as the United States
is the dominant exporter in the.wheat, coarse grain and oilseed markets.

In conjunction with the above assumption, Prairie producers are as-
sumed to allocate seeded area between crops on the basis of world prices
reflected through Canadian marketing institutions. Any deviation be-
tween exports and domestic prices is explained by domestic constraints.
Producers use the lower domestic price as a decision factor in cropland
allocation for oats and barley during times of constraints due to the
greater probability of selling the product into domestic markets. Once

constraints are removed, the prices equalize at the higher export price.

'8 The acceptability of several key assumptions are further discussed in
Section 4.2.1,
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Annual growing conditions are assumed to be accounted for in the year
to year variations of actual grain yields. As either actual yields or
estimated yields based on actual yields are used in the scenarios, the
effect of weather is indirectly included in the analysis.

Historical growth of fertilizer usage is assumed to have been greater
if grain stocks were at minimal levels throughout the seventies. Mini-
mum stocks imply that demand and therefore prices, were sufficient to
clear surplus production. Producers would be expected to respond to
these demand signals by increasing crop production through greater usage
of variable inputs. In particular, fertilizer application rates are as-
sumed to reach recommended rates'’ by 1985.

The historical reduction of summer fallow is assumed to have been
greater if grain stocks were at minimal levels throughout the seventies.
As in the above assumption, producers would be expected to increase crop
production by reducing summer fallow. Producers have tended to increase
summer fallow in response to high stock levels because under the current
quota system, producers are able to deliver grain based on summer fallow
and seeded area. Producers also have increased summef fallow area in
response to programs such as Lower Inventories For Tomorrow.

On-farm stocks are set at the minimum level observed in each province
for each grain during the seventies. For a variety of reasons, produc-
ers are unwilling to draw stocks lower than 2.9 million tonnes despite
open quotas. The minimums are used as an estimate of the level of in-
ventory producers would have been willing to carryover if they were able

to export their excess supply.

'7 Manitoba Department of Agriculture, 1985 Field Crops Production Rec-
ommendations for Manitoba, (Manitoba Agriculture, Winnipeg, Manitoba,
1985) .
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Inventory calculations require regional information concerning
contributions to commercial grain inventories and exports that are un-
available from statistical sources. Commercial grain inventories are
assumed to be drawn from the Prairie provinces, i.é., all grain held as
commercial inventories in Canada is from the Prairies. As the majority
of cereal grain production and consequently grain destined for storage
originates on the Prairies, the margin of error introduced by this as-
sumption is relatively small.

Domestic consumption is assumed to remain at historical levels de-
spite the removal of marketing system constraints. Though consumption
levels would likely be affected, this study focuses on the export effect
of constraints. In addition, current analytical domestic consumption
models require substantial modifications to be incorporated into this
analysis.

Fixed costs are assumed to remain at historical levels throughout the
analysis. Fixed costs are not explicitly included in the study because
of data, information and modeling difficulties encountered. The quality
of the data makes it questionable to interpret gnnual changes in fixed
assets for provincial farms in western Canada. The error introduced by
this assumption should be small due to the level of excess capacity that
existed during the seventies.'®

The marketing system for western Canada is assumed to operate at 95
percent of peak efficiency. The operational capacity of each provincial
marketing system is allocated a share of the total Prairie system based

on historical percentages. The five percent leeway allows for some

'8 Daryl F. Kraft, "The Impact of Expanding Grain Production on Farm
Structure," (a paper presented to the Canada Grains Council Annual
Meeting, Winnipeg, Manitoba, April 7, 1981),



28
slippage in the grain marketing system once a peak has been set.
Forecast errors generated by the simulation model are assumed to be

random and will cancel over time.

o

2.4 RELATED STUDIES

As the simulation of area seeded is a major component of the analy-
sis, studies dealing with this area of research are reviewed. Lam'?®
briefly discussed the evolution of many of the empirical models devel-
oped by agricultural economists relating to acreage analysis for western
Canada. The discussion noted the objectives, explanatory variables,
techniques, and performance of each of the research efforts. The review
concluded that Colman s?° model provided the best forecasting perform-
ance based on economic considerations and relationships.

Colman analyzed the acreage response for the five major crops in the
Prairies using models to constrain the sum of the acreage for the five
major crops to a predetermined total acreage. The multinominal logit
acreage allocation model incorporating the Zellner seemingly unrelated
regression (ZSUR) estimation method was used to account for the interre-
lationship of the relationship between crop acreage in allocation. An
independent equations model was also estimated using ordinary least
squares (OLS). Both approaches generally resulted in good statistical
and reasonable predictive properties though the independent equations

model performed slightly better than the multinominal logit acreage al-

' Su-Yi Lam, "A Regional Crop Forecasting Model for the Canadian Prai-
ries," (M.Sc. Thesis, University of Manitoba, 1984), pp. 8-27.

20 p, Colman, Prairie Grain and Qilseed Acreage Response In North Ameri-
ca, (Working Paper No. 7, Agriculture Canada, Policy, Planning and
Economics Branch, November 1979).
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location model.

Acreage response equations were specified for each of the five crops
based on statistical fit and were expressed 1in a linear form in the in-
dependent equations model. The same specifications were expressed in‘an
exponential form in the multinominal acreage allocation model. Wheat
acreage was a function of a weighted expected price of wheat, the CWB
initial payment for wheat, the Lift program, April-May rainfall and ex-
cess supply of wheat. Oats acreage was explained by a time trend, rain-
fall, and the difference between the expected return for oats and bar-
ley. Barley acreage was expressed as a function of land payment
arrears, numbers of sows, three year average yield of barley, a dummy
variable for the LIFT program, and the difference between the expected
return for barley and the average expected return from all five crops.
The rapeseed acreage equation included the lagged ratio of rapeseed
price to average barley selling price, wheat stocks, a LIFT dummy, and a
structural shift variable after 1969. Flaxseed acreage was estimated
using the lagged relative price of flaxseed to rapeseed, wheat stocks,
and the LIFT program. Eguations were also developed for summer fallow
acreage and aggregated acreage for the five crops. Barley acreage was
chosen as the residual in the multinominal logit acreage allocation mod-
el.

Lam?' further developed Colman's work by disaggregating acreage by
province and seedbed. These modifications were incorporated to account
for regional variations in cropping patterns and to more accurately re-
flect producers' decisions in allocating crops between fallow and stub-

ble seedbeds. The changes reduced the aggregation errors associated

21 Lam, Op. Cito, ppo 28_460
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with the analysis and improved the within-estimation period forecasting
powers of the multinominal acreage allocation model.

The same modeling and estimation methods incorporated by Colman were
used to estimate acreages of wheat, oats, barley, rapeseed, flaxseed and
sunflower by province in western Canada. The results from the multino-
minal logit acreage allocation model generally compared favourably to
results from a naive model. Reasonable statistical properties were ob-
tained with the exception of total crop area sown on stubble seedbed.
The errors in estimating the total area seeded on stubble seedbed were
reflected in estimations of area seeded to each of the five crops.

A set of six exponential acreage functions were developed 1in Lam's
analysis. The cropland allocation was specified to be a function of ex-
pected relative returns between crops, inventories of the cereal grains,
total area of cropland, the LIFT program and rapeseed adoption. Area
seeded to each crop by province was estimated from 1961 to 1981 and
forecasts were generated for 1982 and 1983. The analysis demonstrated
that production responses differ in acreage allocation between fallow

and stubble seedbeds, and among the three Prairie provinces.

2.5 SUMMARY

The working hypothesis is that domestic economic constraints reduced
producer gross margins in western Canada during the late seventies.
This hypothesis 1is supported by historical events which were observed
based on theoretical expectations. Producer gross margins are defined
as the quantity sold times price received in export and domestic markets
léss the variable production costs. Both the revenue received and the

variable costs depend on the area seeded. A review of empirical models
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suggests that the most appropriate means of estimating area seeded is
using a simultaneous, constrained equation specification. The specifi-
cation utilized by Lam should be relevant to explain changes 1in area

seeded and ultimately farm gross margins between 1975-76 and 1980-81.



Chapter III
SIMULATION PROCEDURE, MODEL SPECIFICATION AND DATA

A simulation procedure is used to estimate the influence of marketing
system constraints on Prairie producer behaviour. Producer behaviour is
simulated using a series of models estimating price expectations,
yields, supply and disposition, and gross margins. The supply and dis-
position model is the major analytical component which receives informa-
tion determined in other models and from which information is supplied
to the gross margin model. A brief discussion of the simulation proce-
dures, analytical models and the necessary data is presented in this

chapter.,

3.1 SIMULATION PROCEDURE

The key relationships within the analytical models are presented in
Fiqure 3.1 and are described in the next section. Based on these rela-
tionships, cereal grain marketings are simulated from 1970 to 1980 using
a recursive system employing grain inventories. Data from 1969 is used
to provide start-up information for the Scenario One simulation with
data from 1974 used to initialize the Scenario Two simulations.

Scenario One (benchmark simulation) simulates historical relation-
ships and uses historical prices, yields, rate of technological change
and capacity of the grain marketing system. As a result, estimated
grain inventories, marketings and gross margins should closely match

actual values.

- 32 -
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Scenario Two (production and technology simulations) is used to esti-
mate producer response to the removal of marketing constraints. In this
case, the capacity of the marketing system is set high enough to allow
the clearance of all grain in excess of domestic requirements. Produc-
ers respond by drawing on-farm grain inventory down to the minimum level
that they are willing to hold. As indicated in Chapter 1, producers
will also respond by altering production patterns and incorporating new
or existing technology in an attempt to maximize their expected net re-
turn.

The production and technology responses are estimated 1in different
simulations to determine the effect of reducing inventories given cer-
tain producer behaviour assumptions. In the production simulation, pro-
ducers are expected to alter the production mix to favour crops with the
highest relative return as production costs are similar between crops
and grain inventory levels are now a relatively minor decision factor.
In the technology simulation, producers are assumed to incorporate tech-
nology at a higher rate by increasing fertilizer usage and reducing area
fallowed. Production 1is expected to increase due to increased area
seeded and higher yields. The crop mix should also shift towards the

higher valued crops.
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3.2 MODEL SPECIFICATION

3.2,1 Price Expectations Model

The price expectétions model is used to formulate expected harvest
prices given information available to producers at seeding time. Pro-
ducers use this information as well as information concerning excess
grain inventories and area available for seeding to determine their pro-
duction plans. Expected prices influence planting decisions through the
relative expected income between cropping alternatives. Assuming pro-
duction costs are similar between crops,?? the relative profitability of
crop i is determined by the ratio of the expected price times the ex-
pected yield of crop i to crop j. This relationship is discussed in
greater detail in the supply and disposition model.

The CWB has sole exporting authority to market wheat, oats and barley
into international markets and establishes a pooled export market price
for each grain. Price expectations for grains marketed through the CWB
are based on the most recent initial and final prices paid by the CWB as

illustrated in the following eguation:

P =PIl.y + PF-, i = wheat, oats and barley (3.1)
where:
P = expected CWB price of crop i, basis Thunder Bay, $ per tonne.
PI = initial CWB price of crop i, basis Thunder Bay, $ per tonne.
PF = final CWB price of crop i, basis Thunder Bay, $ per tonne.

22 w.J. Craddock, "Economics of Oilseed Production", (paper presented to
the Oilseed and Pulse Crops in western Canada Symposium, 1975), p.
684.
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The most recent initial price is the price from the previous crop year
as the initial price for the current crop year is announced 1in April.
The interim payments are added to the initial price. The most recent
final price is from two crop years previous as the final price for the
previous crop year is not announced until six months after the close of
a crop year.

The Winnipeg Commodity Exchange (WCE) establishes prices for wheat,
oats and barley traded domestically and for oilseeds traded in domestic
and international markets. The estimated WCE harvest price is based on
the average cash price, six months prior to seeding (October to March)
for the appropriate grade and port.

Historical marketing patterns?® are used to indicate the appropriate
price expectation for grains handled by both institutions. The CWB
price best reflects price expectations for wheat producers because the
majority of wheat is marketed by the CWB. The opposite is true for oats
for which approximately 7 percent of the marketings of oats are handled
by the CWB versus 93 percent by the WCE and farm markets. A similar
situation exists for barley although the marketing pattern is not as de-
cisive. Approximately 44 percent of net Prairie farm disposition for
barley is handled by the CWB while 55 percent moves through the domestic
market.

Barley price expectations are based on both CWB and WCE prices be-
cause of policy changes affecting the domestic marketing structure. Re-
sponsibility for marketing barley has been held by the CWB (1969-74),

the WCE (1974-76) and by both agencies (1976-present). Price expecta-

23 Ccanada Grains Council, Prospects for the Prairie Grain Industry 1990,
(Winnipeg: Canada Grains Council, 1982), pp. 119-124.
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tions are based on CWB prices from 1969-1973 and on WCE prices from
1974-1980. The latter price expectation estimate is used because the
WCE price is more reflective of the price producers were likely to re-
ceive or price grain by given historical grain marketing patterns.

The price expectation estimates for both the CWB and the open market
are similar to the form used by Lam?‘ however, the basis for the esti-
mates are different for two grains 1in this analysis. Barley price ex-
pectations are based on both CWB and WCE prices rather than solely on
CWB prices to reflect policy changes in the barley marketing environment
as well as historical marketing patterns. Oats price expectations are
based on WCE prices instead of CWB prices because of the significantly

larger marketing share of the open market.

3.2,2 Yield Acceleration Model

This model is used to simulate yields resulting from increased incor-
poration of fertilizers over the period identified as constrained, cet-
eris paribus. Higher yields are used in the second simulation in Scen-
ario Two as a means of quantifying producer response to the removal of
constraints. Yield increases as well as increased continuous cropping
are used to simulate a higher rate of adoption.

The following linear relationship is used to determine the fertilizer
application rates by major nutrient:

NUéki = NUTRi + A NUTRi i = nitrogen,
' phosphorous (3.2)
where:

NUTR = estimated nutrient application rates by seedbed, kg per ha.

24 Lam, op. cit., pp. 40-44.
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ANUTRi = change in nutrient application rates required to reach
recommended rates by 1985, by seedbed, kg per ha.
Actual and estimated nutrient application rates are in Table A.18 Appen-
dix A. The estimated nutrient application rate is used to develop esti-

mated yields using the following form:

YIELD = YIELD + (b* NUTRi - NUTRi/NUTRi) (3.3)
where:

YIELD

estimated yield by crop, by seedbed in each Prairie
province, tonnes per hectare.
historical yield by crop, by seedbed in each Prairie
province, tonnes per hectare.
b = yield elasticity includes fertilizer effect and improved
weed control,
where: b = 0.18 for fallow seedbed

b = 0.20 for stubble seedbed

YIELD

Estimated yields are a function of actual yields and change in yield de-
rived from increasing fertilizer application rates.

The estimated yields affect producer decisions regarding the alloca-
tion of area available for seeding between crops. Allocation decisions
are altered because the relative profitability between seedbeds 1is
changed. Relatively more fertilizer is required on stubble seedbeds to
bring the application rates to recommended levels compared to fallow
seedbeds. The greater yield response that occurs on stubble seedbeds
may make it relatively more profitable to seed stubble versus fallow
seedbeds despite increased fertilizer costs due to the higher elasticity
of stubble.

Producers must also decide on a marketing plan for the excess produc-
tion generated by a higher yield from & given seeded area. Assuming a
fully supplied domestic market and adequate world prices, -producers are

|
expected to sell their excess production into world markets.
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3.2,3 Supply and Disposition Model

The purpose of this model is to simulate export and domestic market-
ings for the Prairie provinces. This enables the calculation of the
gross margin directly attributable to export and domestic marketings
from the Prairies. The simulation requires an estimation of the land
base available for seeding, the distribution of the available land base

between crops and the disposition of the resulting supply.

3.2,3.1 Land Base

The area seeded to the principal crops is estimated using a multino-
minal logit approach incorporating simultaneous estimation. procedures
first developed by Colman (1979) and later modified by Lam (1983). This
type of approach accounts for the simultaneous interrelationships in-

_volved in the allocation of crop area and ensures the area seeded is po-
sitive by restricting the percentage shares of crops to a sum of one.
The actual model consists of a system of five equations estimated by us-
ing Zellner's Seemingly Unrelated Regressién (ZSUR) estimation method.
This generalized least squares estimation method 1is used to account for
the correlation among disturbance terms across eguations.

The total land base is defined as the area under cultivation plus the
area summer fallowed. Total land base fluctuates as new land is cleared
and land is removed from production. The area cleared in the current
year is assumed to be available for seeding in the following year. The
total cultivated land base consists of the area seeded on fallow and
stubble seedbeds. The area seeded on fallow in the current year is as-
sumed to be the area summer fallowed in the previous year. The total
cultivated land base is generated by the following equation:

TOT = STUB + SF.; - RYE.4 + LC- (3.4)



39

where:
TOT = total available land base, for cultivation, 000 ha.
STUB = stubble seedbed, 000 ha.
SF = area summer fallowed in the previous year; fallow seedbed in
the following year, 000 ha
RYE = area seeded to fall rye in the previous year, 000
ha.
LC = change in total land base from the previous year, 000
ha.

The land seeded to crop production increased as a share of total land
available throughout the 1960's and latter 1970's.  This growth in crop
land resulted from decreased summer fallowing and, to some extent, the
clearance and cultivation of new land. The change in stubble relative
to the total cropland over time is estimated by a logistic function that

is specified in the following linear form:

In STUB/TOT-1 =a + b % TREND + ¢ * LIFT + @ * POST70
K-(STUB/TOT-¢ )
+ e * POST75 + f * EXCESS (3.5)
where:
STUB = area seeded on stubble seedbed, 000 ha.
TOT = total area of non-forage crops, 000 ha.
TREND = time variable, year.
LIFT = a dummy variable for the LIFT progranm,
if TREND = 1970 THEN LIFT = 1, otherwise LIFT = 0.
POST70 = dummy variable for a shift in the function,
if TREND 2 1970 then POST70 = 1970 otherwise POST70 = 0.
POST75 = a dummy variable for a shift in the function,
if TREND > 1975 then POST75 = 1, otherwise POST75 = O,
(for scenario one only).
EXCESS = a dummy variable for periods of excess supply.
K = maximum level of stubble to cropland ratio where:
K = 0.93 in Manitoba
K = 0.71 in Saskatchewan, and
K = 0.76 in Alberta.
and

STOC = ln STUB/TOT-
K- (STUB/TOT-4 )
where:

STOC = stubble to cultivated area ratio.
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The TREND variable is wused to determine the rate of adoption or ad-
justment to minimum levels of summer fallow. The rate of adoption is
affected by programs such as LIFT and influences such as grain invento-
ries.

The first two variables in Equation 3.5 account for the direct and
indirect effects of the LIFT program. This program was intended to re-
duce grain inventories in the short-term by taking land out of produc-
tion for one year. The LIFT dummy variable is used to account for the
increase in summer fallow area in 1970 as a direct result of this pro-
gram. The POST70 dummy variable is used to account for the indirect ef-
fect of the LIFT program on cropping patterns in years following LIFT,
The rationale for the practise of fallowing was reinforced partly due to
the increased yield response in 1971. As a result, a cyclical pattern
of increasing and decreasing area seeded occurred from 1971 to 1975,
Prior to this period and immediately after this period, stubble area
seeded increased as a share of total cultivated area.

The POST75 dummy variable 1is used to shift the function to a higher
rate of adjustment allowing the minimum levels of summer fallow to be
reached earlier than under historical rates of change. This variable is
used to account for the accelerated rate of adoption resulting from the
removal of marketing system constraints. It is included in Equation 3.5
during the second simulation in scenario one.

The EXCESS variable is defined as total cereal grain available to
market (once domestic requirements are fulfilled) in excess of the ca-
pacity of the grain marketing system. This variable is defined to be

equal to the estimated value if the value is positive and by definition,
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equal to zero if the value is negative or zero. The derivation is il-

lustrated in the following equation:

EXCESS = AMKT - EXC “ (3.6)
where:
EXCESS = the sum of excess cereal grain inventories for
the five crops, million tonnes.
AMKT = cereal grain available to market, million tonnes.
EXC = cereal grain marketing capacity, million tonnes.

The stubble area available for seeding is specificed by rearranging

Equation 3.5 and solving for the stubble area:
STUB = (STOC * K * TOT-; + LC-y )/ (1 + STOC) (3.7)

A linear regression is used to determine the stubble area seeded to the
five principal crops. The intercept is suppressed for Manitoba and Sas-

katchewan as it was insignificant:

a +b * STUB (3.8)

STUBS

where:

STUBS stubble area seeded to the five crops, 000 ha.

As the total cultivated area and the area seeded on stubble are
known, rearranging Equation 3.4 and solving for summer fallow area gives

the following equation:
SF = (TOT-{ + LC-y ) - STUB (3.9)

The area summer fallowed in the current year is seeded in the following

year giving rise to the next equation:

FALS = SF. (3.10)

g !
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The following exponential function?® is wused to determine the area

allocated to each crop:

£ {1..,2,e:)
. 1r*13%r-17,
Al = ¢ J 1 = wheat, oats, barley, rapeseed, and
flaxseed
3= 1,2, ...nj=#1 (3.11)
where:
Ai = area of each crop i.
fi = linear function of I1jsand 2 in unknown parameters.
I1ij = vector of expected return from crop i relative to competing
crop j.
Z = all other factors affecting producer decisions in land
allocation.
eij = random disturbance term for crop i.

The actual functional specification is based on both theoretical con-
siderations and statistical significance with a similar form wused for
both fallow and stubble seedbeds. The linear functions for each crop

relative to the base crop flaxseed are expressed as follows:

In(W/FL) = a + bIWFL + bIBFL + bIRFL + bIFLO + bIWB + bIWO

+ bIWR + bGIFL + bGIW + bGIR + bGIB + bLIFT

+ e (3.12)
In{B/FL) = a + bLLBFL + bIWFL + bIBFL + bIRFL + bIFLO + bIWB

+ bIWOC + bIBO + bIBR + bGIFL + bGIW + bGIR + bGIB

+ e (3.13)
In(R/FL) = a + bIWFL + bIBFL + bIRFL + bIFLO + bIBR + bIRO

+ bIWR + bGIFL + bGIW + bGIR + bGIB + bTRDRP + e
1n(O/FL) = a + bIWFL + bIBFL + bIRFL + bIFLO + bIWO + bIBO

+

bIROB + bGIFL + bGIW + bGIR + bGIB + e (3.14)

25 For a more detailed discussion of the approach and method used,
please refer to: S. Lam, "A Regional Crop Forecasting Model for The
Canadian Prairies”, (M.Sc. thesis, University of Manitoba, 1984), pp.
29-39,
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where:

1ij = expected return I from crop i / expected return from
crop j, i.e., IWFL = expected return from wheat/
expected return from flaxseed (W = wheat, O = oats,
B = barley, R = rapeseed, and F = flaxseed)

GIi = March 31, on-farm grain inventory of crop i.
LIFT = dummy variable for Lower Inventories For Tomorrow.
TRDPR = trend variable for canola.

LLij = the natural logarithm of the ratio of crop i to crop j,

from the previous year, i.e., LLBFL = the natural

logarithm of the ratio of barley to flaxseed from

the previous year.
The crops are estimated relative to a common denominator. Flaxseed is
used because of the relative small area seeded and the absence of a dis-
cernible trend in share of seeded area. These characteristics enable
the area seeded estimations to be unbiased and the small size of the
acreage does not restrict the variations in acreage ratios.

Relative expected returns are included based on simple profit maximi-
zation principles which theorize that producers will allocate production
resources based on relative prices and costs. Expected price returns
are used as a proxy for expected revenue because Craddock (1975) has ar-
gued production costs for alternative crops are known to the producer
and the difference between average costs for alternative crops is insig-
nificant.

The usage of price returns in a ratio form accounts for the competi-
tiveness among crops for limited resources and is calculated as a three
year moving average of yield times the expected price. VYields are in-
cluded to incorporate the production advantages of each crop relative to
all other cropping alternatives. The yields are derived by aggregating
yields weighted by crop district to the provincial level.

March 31st grain inventories for wheat, flaxseed, rapeseed and barley

are included in both fallow and stubble equations. Inventories influ-
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ence the distribution of area seeded between crops because a build up of
stocks cause producers to allocate resources towards crops with rela-
tively small inventories, ceteris paribus. Wheat has the largest annual
area of all principal crops and consequently, wheat inventories are the
most influential in terms of affecting area seeded to alternative crops.
Although flaxseed inventories are relatively minor, they are included
because flaxseed is used as the common denominator. Rapeseed and barley
inventories are included as these crops are major cropping alternatives
to wheat depending on the level of grain inventories and expected re-
turns. A simultaneous system of equations makes it difficult to elimi-
nate variables based solely on significance; however, 1inventories for
oats and sunflowers?® were excluded due to the relatively small area
seeded and level of statistical insignificance.

A dummy variable, LIFT, 1is included in the wheat equations for both
seedbeds to account for the removal of wheat area from production in
1970 in response to the Lower Inventories for Tomorrow program. This
one year program was specific to wheat and resulted in a large increase
in fallow area. For example, the area fallowed in Saskatchewan during
1970 was almost greater than the area cropped.

A TRDPR variable is a zero one trend variable included in rapeseed
area estimation equations for both seedbeds. Prior to 1970, rapeseed
can be considered a relatively new crop. After 1970, expertise and
skills in rapeseed management and production were sufficiently wide-

spread for most producers to consider canola/rapeseed as a viable crop-

26 The acreage of sunflowers is estimated in both the Lam (1983) analy-
sis and this analysis to assist 1in estimating the allocation of area
seeded on stubble to the principal crops in Manitoba. However, sun-
flowers are excluded from the supply disposition model as sunflowers
are primarily grown for domestic consumption.
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ping alternative.

A variable, FAL, Qas included in the Alberta equations to account for
the significance of total fallow area in the estimation process. The
area fallowed influences the rotation choices available to producers as
well as increasing the choice of land use. This variable had a large
degree of significance attached to it in the estimation results.

The lagged acreage of wheat on fallow, LLWFLF, was included in equa-
tions where it was felt that the area seeded to wheat 1in the previous
year influenced the land allocation. Total area was removed from all
equations because year to year changes are relatively small. Therefore,
the net.change in area available for seeding will not influence the pro-
ducer decisions in any particular year. In addition, this variable was
relatively insignificant in all eqguations.

Specific cost differences and associated risk in management and pro-
duction decisions are attributed to the error term in the equations as
these influences are difficult to quantify. Technological changes, man-
agement skills and weather effects are accounted for by actual yields
used in the relative expected return ratios.

The land base derivation is similar to a previous research derivation

used by Lam?’ with the following modifications:

1. The total land base and therefore, the cultivated land base
(Equation 3.4) 1is allowed to fluctuate as land@ is brought into
production or removed from production. The previous analysis
held the land base equal to the land base available in the year

used to initialize the simulation.

27 Lam, op. cit., pp. 29-46.
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2. The cultivated area available in Equation 3.4 is assumed to be
based on stubble plus last year's summer fallow rather than stub-
ble plus last year's summer fallow and area seeded to rye. This
derivation is used as the area seeded to rye is unavailable for
seeding to one of the principal crops.

3. The EXCESS dummy variable in Equation 3.5 is redefined to be con-
sistent with the definition of excess inventories used 1in this
analysis. In Lam's analysis, the EXCESS variable is defined as
the amount of expected supply (inventory plus expected produc-
tion) greater than expected disappearance while in this analysis,
it is defined as cereal grain in excess of both domestic require-
ments and the capacity of the grain marketing system.

4., Several of the explanatory variables 1in Equations 3.12 to 3.14
decisions have been modified. Variables remaining the same in
both analyses are the relative return ratios, grain inventories
for wheat and flaxseed, the dummy variable for LIFT and the trend
variable for adoption of rapeseed management and production
skills. Explanatory variables added to the equations include
grain inventories for flaxseed, rapeseed and barley to all equa-
tions, Alberta area fallowed in the fallow equations, and the
lagged area seeded to barley and wheat where appropriate. One
variable, total fallow or stubble seedbed, has been excluded as

it was statistically insignificant.

3.2,3.2 Supply and Disposition
The market clearing identity for the supply and disposition structur-

al relationship is expressed in the following manner:



47
AS + TDISP = 0 (3.15)
where:

available supply, 000 tonnes.
total disposition, 000 tonnes.

AS
TDISP

nou

Based on this identity, statistical information on the supply and dispo-
sition of cereal grains for western Canada is available using the fol-

lowing structural relationships:

AS = (YIELD x AREA) + FCO (3.16)
where:
YIELD = yield, kg. per hectare.
AREA = area seeded, 000 ha.
FCO = on-farm carryover, August 1, 000 tonnes.
and:
TDISP = MKT + SEED + FWD + FECO (3.17)
where:
MKT = commercial marketings, 000 tonnes.
SEED = seed requirement, 000 tonnes.
FWD = feed, waste and dockage.
FECO = on-farm ending carryover, July 31, 000 tonnes.

The information provided at the provincial level includes commercial
marketings but does not distinguish between export or domestic market-
ings. This reflects the difficulty of tracing a homogenous product
which is aggregated for ease of transportation from the point of origin
to the point of export. As this analysis focuses on exports, both ex-
ports and domestic consumption are estimated in the following equations
using several of the assumptions presented in Chapter II.

The available supply equation is expanded to include commercial grain

inventories as it is assumed that commercial inventories are drawn from
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western Canada. Available supply is expressed as the following modified

function:
AS = (YIELD x AREA) + FBC + CBC (3.18)
where:

CBC = commercial cereal grain beginning carryovers, August 31,
000 tonnes.

Total disposition also requires several modifications. Ending com-
mercial carryovers are added to the equation to maintain the structural
relationship. Feed, waste and dockage is disaggregated to separate feed
requirements from waste and dockage. In addition, marketings are di-
saggregated into exports and domestic sales with domestic consumption
including shipments of western cereal grains to eastern Canada. Ship-
ments to the east originate from either the CWB or the open market. To-

tal disposition is redefined in the following manner:

TDISP = EX + CWB + OM + FEED + SEED + WD + FECO + CECO (3.19)
where:
EX = western Canada exports, 000 tonnes.
CWB = shipments by the Canadian Wheat Board to eastern Canada,
000 tonnes.

~ OM = shipments by the open market to eastern Canada, 000 tonnes.
FEED = feed requirement, 000 tonnes.

WD = waste and dockage, 000 tonnes.
CECO = ending commercial grain inventories, July 31, 000 tonnes.

Substituting Equations 3.18 and 3.19 into Equation 3.15 and solving for

exports results in the following equation:

EX = [(YIELD x AREA) + FBC] - [(CWB + OM + FEED + SEED

WD + FECO)] + (CBCO - CECO) (3.20)
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Export marketings are calculated as a residual once domestic and inven-
tory requirements are met. As seeded area is simulated provincially and
aggregated regionally, marketings are aggregated from the Prairie prov-
inces with British Columbia supply and disposition subtracted from west-
ern Canada data. Provincial cereal grain available for sale is defined
as grain in excess of provincial requirements for feed, seed and minimum

acceptable carryovers and is derived by crop:

AMKTi = ASi - SEEDi - FEEDi - WDi - MECOi

i = six principal grains (3.21)
wvhere:
AMKT = cereal grains available for marketing by crop, 000 tonnes.
MECO = minimum ending on-farm carryover by crop, July 31, 000 tonnes.

The volume of grain physically marketed outside each province is af-
fected by the capacity?® of the provincial commercial marketing system.
Total grain in excess of the physical capacity of the system is added to
minimum on-farm carryover with available marketings subsequently reduced
by an eguivalent amount, and the waste and dockage estimate adjusted ac-
cordingly. Each crop is allocated a share of the commercial system
based on its proportion of the total cereal grain available to market.
In the case where total grain available to market is less than or equal
to the provincial capacity, provincial marketings are egqual to the
amount of grain available to market. Otherwise provincial marketings

are equal to the capacity of the marketing system:

SUR = %L AMKTi - EXC (3.22)

AMKTi (SUR * STAi) (3.23)

28 Refer to Section 2.3 for the assumption concerning the system capaci-
ty and Section 3.2.3.1 for a discussion of the EXCESS variable.
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where:
AMK 1
STAL = ----- (3.24)
T AMKi
MKTi = AMKTi - RMKTi (3.25)
where:
SUR = volume of grain in excess of the capacity of provincial
marketing system, 000 tonnes.
EXC = capacity of the commercial marketing system by province,
000 tonnes.
STA = share of commercial system by crop and is the crop share

of total marketings.
Once provincial marketings by crop are determined, western Canadian ex-

ports by crop are estimated using a modified form of Equation 3.20:

WCEXi = I MKTi - WDUi - CWBi - OMi + (CBCOi-CECOi) (3.26)
where:
WCEX = western Canadian exports by crop, 000 tonnes.
MKT = provincial marketings by crop, 000 tonnes.
WDU = western Canada domestic reguirements, 000 tonnes.

Western Canadian exports by crop as defined in Equation 3.26 may have
a positive or a negative value. Exports are positive when the sum of
the provincial grain marketings exceed domestic requirements and ship-
ments to the east; for example, wheat. Exports are negative when the
sum of the provincial grain marketings 1is less than domestic require-
ments; for example, oats in some years. Negative exports are actually
imports necessary to meet a deficit supply situation.

The possibility of positive or negative exports requires two defini-
tions for western Canadian domestic consumption. When exports are posi-
tive, domestic consumption is defined as the sum of the provincial mar-

ketings minus exports:
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TWCDOMi =  XMKTi - WCEXi (3.27)

When provincial exports are negative, domestic consumption is defined as
exports plus western Canadian domestic requirements plus shipments to

the east plus change in commercially held inventories:

WCDOMi = WCXi + WDUi + CWBi + OMi + (CBCOi - CECOi) (3.28)

Total exports and domestic marketings are the sum of the respective mar-

ketings for the five principal crops.

EX

T WCX (3.29)

DOM

T WCDOM (3.30)

3.2.4 (Gross Marqgin Model

The purpose of this model is to calculate an accurate gross margin
gain or loss associated with market constraints for Prairie cereal grain

producers. This requires the following steps:

1. a simulation of the revenue and cost flows associated with export
and domestic marketing during the seventies with historical mar-
keting system constraints in place (benchmark simulation);

2. an estimation of the revenue and cost flows from total marketings
during the seventies without historical marketing system con-
straints (Scenario Two-simulation one);

3. an estimation of the revenue and cost flows from total marketings
during the seventies without historical marketing system con-
straints and with an increased rate of adoption of technology

(Scenario Two-simulation two); and
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4, a means of comparing the revenue and cost streams.

Based on the theoretical framework introduced in Chapter 1I, income is

specified in the following manner:

I = (MKT X PR) - VC - FC (3.31)
where:
I = income, $billion.
MKT = marketings of crop i, 000 tonnes.
PR = price received for crop i, $ per tonne.
VC = variable costs associated with crop i, § per tonne.
FC = fixed costs associated with crop i, § per tonne.

Prairie marketings for the simulations are derived from the supply and
disposition model. The corresponding revenue and cost flows are based
on the assumption that fixed production costs between crops and between
provinces within a simulation are assumed to be the same for all scenar-
ios.  The only change in costs between the simulations is the variable
costs associated with increased production. As it 1is the change in
gross margin resulting from the removal of constraints that is impor-
tant, the 1income equation from scenario one is subtracted from the
benchmark equation to form Equation 3.32 and is reduced to Egquation

3.33.

Al (MKT * (PR) - VC - FC), - (MKT * (PR) - VC - FC), (3,32)

GM = (MKT * (PR) - VC), - (MKT * (PR) - VC), (3.33)

where:
GM = gross margin, $billions.
The price received, PR, 1is specified in one of the two forms depend-
ing on the agencies that market the cereal grains. The price received

for grain sold by the CWB is equal to the initial price reduced by han-
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dling and transportation costs plus the interim and final prices. Grain
delivered to the private trade is priced net of handling and transporta-
tion costs. The domestic price for oats and barley is equal to the WCE
price in the benchmark simulation and set eqgual to the CWB price in the '
Scenario Two simulations. CWB prices are used in the second scenario
because domestic prices are assumed to equal export prices once the mar-
keting constraints no longer exist. The two pricing eqguations used in

the benchmark simulation are expressed as follows:

PR = PI - EC - TC + PIT + PF (3.34)
PR =P
where:
PR = price received, $ per tonne.
PI = CWB initial price, $ per tonne.
EC = elevation charges, $ per tonne.
TC = transportation charge, $ per tonne.
PIT = CWB interim price, $§ per tonne.
PF = CWB final price, $ per tonne.
P = WCE street price, $ per tonne.

Fertilizer costs are used as one measure of variable costs associated
with production. The net fertilizer cost is disaggregated by seedbed
and by province to reflect differences in fertilizer application rates.
Costs will change between simulations due to changes in type of area
seeded (either fallow or stubble seedbed), total area seeded and appli-
cation rates.

The remaining costs are calculated by multiplying the Farm Price In-
dex for Western Canada Crop Products, (1981=100) by the costs by prov-
ince, crop and seedbed obtained for 1984.2° Variable costs are calculat-

ed for each province by seedbed and crop using the following equation:

2% paryl F. Kraft and Valerie J. Fields, Influence of Technological
Change on Prairie Grain Farms Between 1971 and 1984, (a report pre-
pared for the Grains Group, CP Rail, November 1985).
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ly
VCy = —-—-- x VC y = 1975 to 1980 (3.35)
T1984
where:
VC = variable costs.
I = Farm Price Index for Western Canada Crop Products (1981-100).

For example, the variable production cost per ha for Manitoba wheat
seeded on stubble was calculated as $13.93 with I4g975 = 70.6, I(ggs =
122 and VCyg75 = 24.08 (see Table 3.1). The variable costs per hectare
for 1984 include cost of fuel and lubricants, repairs, fertilizer, chem-
icals and seed and exclude cost associated with custom charges, interest
on operating capital, machinery insurance, labour taxes, overhead and
miscelianeous costs. The latter are excluded because these costs are

incurred regardless of production level.
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Table 3.1
1984 Variable Cost Per Hectare, Prairie Provinces
($1 ha)
Manitoba Saskatchewan Alberta
Wheat
Stubble 24.08 24,22 23.48
Fallow 20.24 19.49 18.80
Oats
Stubble 24.79 26.25 23.98
Fallow 25.10 26,20 24.68
Barley
Stubble 24,11 24.84 23.58
Fallow 24.77 25.24 23.82
Flaxseed
Stubble 21.16 22.36 22,08
Fallow 22.21 22.45 21.97
Canola
Stubble 23.54 25,09 22.63
Fallow 23.95 24,94 22,24

Source: Daryl F. Kraft and Valerie J. Fields, "Influence of Techno-
logical Change on Prairie Grain Farms Between 1971 and 1984,"
(a report prepared for the Grains Group, CP Rail, November,
1985).
The result of Egquation 3.33 is an estimation of the annual change in
gross margin caused by constraints in the marketing system. The aggre-
gate values of this revenue stream would give the net financial impact

of the constraints. The annual values are compounded to bring the

stream of revenues into 1980 dollars for comparison purposes:

GM = GM(1 + i) ® (3.36)
where:
GM = gross margin as of year 1980; end value.
GM = gross margin as of year zero; initial value.
i = annual rate of interest expressed in decimals.
n = number of years compounded, 1.
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Canada Savings Bonds are used as a proxy for a reasonable rate of return
available on investment as these bonds are a comparatively safe invest-

ment vehicle,

3.3 DATA

3.3,1 Price Expectations Model

This model requires cereal grain prices established by the CWB and
private trade. Initial and final prices, F.0.B. Thunder Bay for No. 1
Red Spring Wheat, No. 1 Feed Oats and No.!1 Canadian Feed Barley are tak-

en from the CWB Annual Reports. Average cash prices, six months prior

to seeding (October to March) for grains and oilseeds traded on the WCE

are collected from Statistics Canada: Grains and Oilseed Review, (cat.

no. 22-007), Canadian Grain Commission, Grain Statistics Weekly, and the

WCE Commodity Reports. Prices are recorded for No. 1 Feed QOats, No. 1

Feed Barley and No. 1 Canadian Flaxseed, basis Thunder Bay. No. 1 Cana-

dian Canola is recorded basis Vancouver.

3.3.2 Yield Acceleration Model

This model uses elasticities derived from field experiments and farm
data to determine yields under increased fertilizer usage. Yields by
crop, seedbed and province are obtained from Statistics Canada: Field

Crop Reporting Series (FCRS), (cat. no. 22-002). Nutrient application

rates by seedbed and by province, are obtained from Kraft and Fields.3°

30 paryl F. Kraft and Valerie J. Fields, "Fertilizer Demand In The Prai-
rie Provinces," (unpublished paper, University of Manitoba, 1981).
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3.3.3 Supply and Disposition Model

Calculation of the area seeded to the five crops by seedbed and prov-
ince requires several data sources. March on-farm grain inventories are
obtained from Statistics Canada:  Stocks of Canadian Grain as of March
31, FCRS (cat. no. 22-002). Total area of land available for seeding is

taken from Statistics Canada: Quarterly Bulletin of Agricultural Sta-

tistics (cat. no. 21-003) and is revised on the basis of census data.
Total area of summer fallow available for seeding is equal to the fallow
area less the area seeded to fall rye. Stubble area is equal to the to-
tal area minus the fallow area. Annual fallow and stubble areas by crop
and yields by seedbed are collected from Statistics Canada: FCRS (cat.
no. 22-002).

Supply and disposition data are obtained from the Board of Grain Com-

missioners Annual Report and Statistics Canada: Supply and Disposition

of Major Grains. March and July on-farm grain inventories are taken

from Statistics Canada: Stocks of Canadian Grain as of March 31 and
Stocks of Canadian Grain as of July 31, FCRS (cat. no. 22-002).

While complete supply and disposition data are available regionally
and nationally, only production, on-farm grain inventories and deliver-
ies to the primary elevator system are available provincially from the

Board of Grain Commissioners Annual Report. As a result, seed and feed,

waste and dockage are calculated. Seed is calculated based on recom-
mended seeding rates (for the most widely seeded variety of interest to

this analysis) in Manitoba Agriculture: Field Crop Recommendations for

Manitoba. Feed, waste and dockage are calculated as the residual compo-
nent from available supply minus seed requirements and ending invento-

ries. Provincial export marketings are reduced by western domestic mar-
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ketings to eastern markets. Shipments by the CWB and the open market

are obtained from Statistics Canada: Grain Trade of Canada (cat. no.

22-201) from 1966-1973, directly from the CWB for 1974-1975 and from

Kraft®' from 1975 to 1980.

3.3.4 Gross Margin Model

This model requires data on prices received by producers in Manitoba,
Saskatchewan and Alberta, elevation and transportation charges, variable
production costs and Canada Savings Bond rates. Producers receive the
initial price paid by the CWB less handling and transportation charges
when they deliver éheir grain to the primary elevator system. The price
received is increased by interim and final prices at a later date. The

CWB prices are collected from the CWB Annual Report for No. 1 Red Spring

Wheat, No. 1 Feed Oats and No. 1 Canadian Feed Barley, F.0.B. Thunder
Bay. The inital price is reduced by handling charges collected from Ag-

riculture Canada: Canadian Grain Commission Annual Report and by trans-

pbrtation charges recorded by Statistics Canada: Grain Trade of Canada

(cat. no. 22-201) for each of the three provinces. The average annual
price for flaxseed and rapeseed is collected for Manitoba from Manitoba

Agricultural Yearbook and reflect handling, transportation and marketing

charges. These prices are calculated for Saskatchewan and Alberta by
reducing Manitoba prices by the respective transportation charge.

Total revenue is reduced by the variable production costs. The Farm
Price Index for western Canada (Crop Products, 1981=100) 1is obtained

from the Manitoba Agriculture Yearbook. Variable costs by province,

31
Daryl F. Kraft, (unpublished paper, University of Manitoba, 1981).
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crop and seedbed for 1984 are obtained from Kraft and Fields.®?
This model also uses Canada Savings Bonds as a measure of a reason-
able rate of return on investment. The long-term Canada Saving bond

rate is taken for the Bank of Canada Review.

32 paryl F. Kraft and Valerie J. Fields, Influence of Technical Change
on Prairie Grain Farms Between 1971 and 1984, (a report prepared for
the Grains Group, CP Rail, November 1985).




Chapter IV
EMPIRICAL RESULTS AND DISCUSSION

This chapter reviews the results of the econometric models estab-
lished in Chapter III for the two scenarios. The results from the
benchmark simulation are evaluated for forecasting performance and com-
pared to production and technology simulations to measure the effects of
producer behaviour assumptions. Several key components are examined in-
cluding area seeded, production, on-farm carryover, marketings and gross
margin. The majority of the components are discussed in aggregate for
the five principal crops for the Prairie provinces with some elaboration
for each crop where appropriate. The review concludes with a brief sum-

mary of the results and the implications of the analysis.

4,1 VALIDATION OF THE BENCHMARK SIMULATION - SCENARIO ONE

The results from Scenario One are used as a measure of the ability of
the empirical relationships to track historical occurances by evaluating
the difference between predicted and actual values of the dependent
variable. The benchmark simulation is judged on the accuracy of the
forecasts and the ability to predict the direction of change (turning
points).?% The forecast accuracy is measured with Theil's inequality

coefficient where a small value for the inequality coefficient (i.e., U

33 A, Koutsoyiannis, "Testing the Forecasting Ability Power of a Model,"
Theory of Econometrics, An_ Introductory Exposition of Econometric
Methods, (London and Basingstoke: The Macmillan Press Ltd., 1973),
pp. 480-487.

- 60 -
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< 1) suggests that the forecasting performance of the empirical
relationships is reasonably good.

All aggregate forecasts are reasonably accurate as the inequality
'éoefficients are less than one (see Table 4.1). Crop production fore-
casts are reasonably accurate except for oats and flaxseed which had in-
equality coefficients greater than one. The accuracy of the oats fore-
cast is affected by the relatively small and fluctuating volume of oats
produced. Flaxseed forecasts are less accurate because flaxseed seeded
area is defined as the residual necessary to make the sum of the pre-
dicted area seeded to the five crops equal the total area seeded. The
accuracy of the aggregate production forecast 1is good despite the rela-
tive inaccuracy of oats and flaxseed forecasts because of the compara-
tively small contribution to total production and the cancelling of pre-
diction errors.

All aggregate forecasts have three or less turning point errors. The
component forecasts have slightly more turning point errors with approx-
imately four or less incorrect changes in direction. This suggests that
the simulation is generally able to account for direction changes in

aggregate with directional errors cancelling between individual crops.
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Table 4.1

Forecasting Performance of Benchmark Simulation

Turning Turning
Thiel's Points Points
Coefficient Missed Forecasts
Area Seeded 0.55 3 -,
Fallow Area Seeded 0.23 4 S
Stubble Area Seeded 0.78 3 +,4,+
Production 0.32 2 +,-
Wheat 0.48 2
Oats 1.12 2
Barley 0.67 2
Rapeseed 0.62 4
Flaxseed 1.03 0
Carryover 0.42 2 +,4+
Total Marketings 0.70 3 -
Export Marketings 0.51 1 , +

Gross Margin 0.39 1 +
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Both the accuracy and number of turning point errors in the area
seeded forecasts ultimately affect supply and disposition forecasts.
Area seeded forecasts should be accurate with few turning point errors,
particularly from 1975 to 1980, as these years are re-estimated in Scen-
ario Two assuming adequate capacity.

Total area seeded to the five principal crops equals the area seeded
on fallow and stubble seedbeds. As indicated in Figure 4.1, three turn-
ing point errors for total seeded area occurred with the simulation in-
correctly predicting a negative change in direction in 1976 and 1978,
and a positive change in 1980, Forecasted total area is without a clear
estimation bias because estimation errors 1in stubble area are usually
cancelled by estimation errors in fallow area (see Figure 4.2).

The error for total seeded area in 1976 is due to the inaccuracy of
fallow and stubble seeded area forecasts. The decrease in fallow area
is overestimated while the increase in stubble area is underestimated.
As less fallow and stubble area is seeded, predicted total seeded area
declined when actual area increased. ﬂ

A turning point error in forecasted seeded fallow area caused an in-
correct directional change in total seeded area in 1978. The simulation
incorrectly forecasted a decrease in seeded fallow area while underesti-
mating the seeded stubble area. Predicted total seeded area declined as
less fallow and stubble area is seeded than actually occurred.

The turning point error for 1980 total seeded area is due to a an er-
ror in the stubble area forecast. Stubble area is incorrectly predicted
to increase causing an increase in forecasted total seeded land. By

comparison, historically seeded land decreased.
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Figure 4.1
Area Seeded to the Five Principal Crops in Wastern Canada
1970-71 to 1880-81, ‘000,000,000 hectares
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Figurs 4.2
Area Sesded on Faflow and Stubble Seedbed
For the Five Principal Crops in Western Canada
1970-71 to 1880-81, ‘000,000,000 hactares
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Although errors occurred in both fallow and stubble forecasts in
years other than 1976, 1978 and 1980, the addition of the two seedbeds
cancelled the error's effect on the direction of change of total seeded
area. The turning point errors for both seedbeds are primarily caused
by overestimation of total seeded area.

For fallow®* in 1977, the total area is overestimated and stubble
seeded area is underestimated in comparison to actual values. This re-
sults in more land allowed to rest than historically occurred in 1977
and 1979.

The turning point errors for total seeded area caused errors in fore-
casting fallow area seeded in 1978 and 1980. The total area seeded in
1976 and 1980 is incorrectly predicted to decrease and the predicted
stubble seeded area i1s underestimated in 1977 and 1979. As a result,
fallow seeded area is forecasted to decrease because less land is avail-
able for seeding.

Changes in direction are incorrectly forecasted for total production
largely because of turning point errors on fallow seeded area (see Fig-
ures 4.1 to 4.3). As production equals predicted area seeded times his-
torical yields by seedbed, the negative change in fallow area in 1977
results in less seeding of higher yielding fallow land with a corre-
sponding decrease in production. Similarly, production rose in 1978 al-
though total seeded area is underestimated because of increased cultiva-

tion of higher yielding fallow land.

34 Fallow area is defined as a function of total area from two years
previous and stubble area from the previous year.
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The remaining seedbed turning point errors caused either an over- or
underestimation of production rather than incorrect changes in produc-
tion.  This is due to shifts in the share in total cultivated area be-
tween seedbeds given historical yields. For example, total production
increased in 1976 but the level of production is underestimated because
the increase 1in lower yielding stubble area is insufficient to offset
the loss in production from a decrease in higher yielding fallow area.
In addition to differences in share of cultivated land by seedbed,
the area seeded to each crop affected production because of the differ-
ence in yields between crops. The mix of crops is briefly discussed be-
cause of crop mix changes in Scenario Two simulations. Turning point
errors are identified in Table 4.2 but are not explicitly analyzed as
the simultaneous allocation of land makes it impossible to identify the
source of the error. Predicted and actual crop production are indicated

in Figures 4.3.1 to 4.3.5.

Table 4.2

Turning Point Errors in Benchmark Crop Production Forecasts

Predicted
Year Direction of Change
Wheat 1972, 1978 -
Oats 1976 -
Barley 1976, 1978 -+
Rapeseed 1971, 1973, 1974, 1979 4, +

Flaxseed -
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Figure 4.3.1
Total Wheat Production in Western Canada, by Crop
1970-71 to 1980-81, '000,000 tonnes
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Production by Crop, ‘000,000 tonnes

Figure 432
Total Oats Production in Western Canada, by Crop
197071 lo 138081, ‘000,000 tornes
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Total Barley Production in Westem Canada, by Crop
1970-71 to 1380-81, ‘000,000 tonnes
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Figure 4.3.4
Total Rapeseed Production In Western Canada, by Crop
1970~71 to 1980-81, ‘000,000 tonnes
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Figure 4.35
Total Flaxseed Production in Western Canada, by Crop
1970-71 to 1880-81, "000,000 tonnes
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Production forecasts affect carryover and exports because both are
derived from production. The minimum inventory producers are willing to
carryover, domestic consumption, and seed and dockage are subtracted
from production plus August 1 carryovers to give the volume of grain
available for export. Exports are defined to be equal to the capacity
of the market system if the volume of grain available to export is
greater than or less than the system capacity. Grain in excess of the
capacity is stored on farms. Alternatively exports are equal to the
available supply if grain available for export is less than the system
capacity.

As shown in Figure 4.4, the direction of change in carryover is cor-
rectly predicted in all years except 1972 and 1974. In both years the
turning point error is largely due to an overestimation of production as
marketings are close to actual levels. Production is overestimated be-
cause total seeded area is overestimated. As a result, the forecasted
excess is stored causing on-farm carryovers to increase at a time when
actual carryovers declined. Although carryovers tended to be overesti-
mated from 1972 to 1976, no major bias existed in the latter seventies.

Two out of three incorrect changes in direction for total marketings
are between 1975 and 1980. Total marketings are predicted to decrease
in 1972, 1976 and 1978 as indicated 1in Figure 4.5. The errors in the
first two years are caused by an underestimation of available supply.
Available supply is underestimated primarily because production 1is un-
derestimated in both years. In 1980, the error is due to an underesti-
mation of system capacity as available supply is close to actual values.

Except for 1973, export marketings are correctly forecasted as shown

in Figure 4.6. The positive increase in export marketings is caused by
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Figure 4.4
August 1 Carryover for the Five Principal Crops in Western Canada
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Figure 4.5
Total Marketings for The Five Principal Crops in Western Canada
1970-71 to 1980-81, ‘000,000 ionnes
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Figure 46
Total Export Markatings for The Five Principal Crops in Waestern Canada
1970-71 to 1980-81, ‘000,000 tomnes
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an overestimation of production. This inflated both exports and carry-
overs as domestic requirements are held at historical levels. There is
no clear estimation bias or turning point errors from 1975 to 1980.

Turning point errors occurred in only the 1978 forecast of grogs mar-
gin (see Figure 4.7). Gross margin incorrectly increased because rev-
enue is overestimate due to overestimated grain exports, and variable
costs are underestimated as less land 1is seeded. Simulated gross mar-
gins are quite accurate (U=0.39) with little bias in estimation.

In summary, the forecasting performance of the econometric models
used in Simulation One, Scenario One is satisfactory. The accuracy of
the simulation as measured by Theil's inequality coefficient is 1in an
acceptable range for all major components. The econometric models are
able to correctly predict the realized direction of change in most
years. Incorrect changes in direction are explained by the predictive
performance of relevant components of the econometric models. Based on
this review, the forecasting performance of the econometric models is
sufficiently acceptable that the benchmark simulation is used to measure
the impact of changes in producer behaviour in the production and bench-

mark simulations in Scenario Two.

4.1.1 Comparison of Production and Benchmark Simulations

In the production simulation, system capacity is set at a sufficient-
ly high enough level from 1975 to 1980 to clear excess availability sup-
ply. As a result, grain inventories decrease to and remain at the mini-
mum levels producers are willing to carryover (see Figure 4.8). The
most significant impact is expected in 1979 as the stock decrease is

greater than in any other year (approximately nine million tonnes).
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Figure 4.7
Gross Margin for The Five Principal Crops in Western Canada
1970-71 to 198081, $ bilions
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Figure 4.8
August 1 Carryover for the Five Principal Crops In Wesatearn Canada
) 1B74-76 to 1980-81, ‘000,000 tonnes
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The impact of reducing grain inventories 1is reflected in the total
area seeded to the five principal grains as shown in Figure 4.9. Pre-
dicted total area seeded followed the same general trend as historical
area except in 1980, but is above benchmark levels in all years. Total
area seeded 1is forecasted to peak at 19.5 million hectares in 1980,
This 1is approximately 60 thousand hectares above the corresponding
benchmark level.

The size of the decrease in grain carryover proportionately affected
the increase in area seeded. For example, the largest decrease in grain
inventories occurred in 1979 with the largest increase in area seeded
occurring in the same year (an additional 730 thousand hectares). Con-
versely, the incremental increase in predicted area seeded is relatively
slight in 1980 as a relatively small excess inventory existed.

The changes in simulated area seeded on fallow and stubble occurred
as anticipated (see Figure 4.10). The area seeded on stubble seedbed
increased above benchmark levels at an increasing rate until 1980. As
noted earlier, the size of the increase in stubble area 1is related to
the size of the decrease in carryover. The area seeded on fallow de-
clined at an increasing rate throughout the time period. More land is
predicted to be continuously cultivated and additional land (previously
used to grow other crops) 1is being seeded to the five principal crops,
as the increase in stubble area seeded is greater than the decrease in
fallow area seeded in all years.

The change in cultivation plans results in seeded stubble area reach-
ing the highest level in 1980. Seeded stubble area is forecasted to
reach 10.2 million hectares compared to a benchmark level of 9.4 million
hectares. Seeded fallow area is correspondingly predicted to fall to

9.3 million hectares from a benchmark level of 10.1 million hectares.
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Figure 4.10
Area Seeded on Fallow and Stubble Seeodbed
For the Five Principal Crops In Western Canada
1974-75 to 1980~-81, ‘000,000,000 hectares
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Although predicted total area seeded increased in all vyears,
forecasted production is less than benchmark production in 1975, 1976
and 1980 and greater than benchmark production from 1977 to 1979 (see
Figure 4.11). The decrease in total production is primarily due to the
relative changes in area seeded by crop given historical yields (see Ta-
ble 4.2). 1In both 1975 and 1980, rapeseed accounted for the largest in-
crease in predicted area seeded while barley area seeded experienced the
largest decrease. Aggregate production fell 1in both years as rapeseed
yields are approximately half of barley yields. Similarly, aggregate
production is reduced in 1976 because the increase in production due to
more area seeded to lower yielding wheat is insufficient to offset the
decrease in production from less area seeded to higher yielding barley.

Change in the area seeded, given historical yields, is also the rea-
son predicted production increased above benchmark levels from 1977 to
1979. Wheat and barley production increases are more than sufficient to
offset the production decrease in the other three crops for 1977. In
the following two years, wheat and oats accounted for production in-
creases above the benchmark level.

Table 4.3 also shows the change in crop mix that is predicted to oc-
cur relative to the benchmark. In most years, wheat area seeded is
forecasted to increase while barley area is predicted to decrease. Area
seeded to oilseeds is predicted to increase at the beginning and end of
the period and decrease from 1977 to 1979, Oats area is forecasted to
fluctuate considerably over the six years. The change in mix suggests
that producers diversified by growing more barley and oilseeds during
periods of high carryovers. Removal of these constraints results in

further specialization in wheat.
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Table 4.3

Change in Area Seeded and Absolute Yields by Crop
Production Minus Benchmark Simulation

1975-1980

Year Wheat Qats Barley Rapeseed Flaxseed Total

Change in Area Seeded
- 000 hectares -

1975 - 20 - 30 - 240 240 30 - 20
1976 280 220 - 510 110 20 120
1977 500 - 30 80 - 40 -90 420
1978 650 80 - 220 - 30 -80 400
1979 1,230 500 - 200 - 800 -60 670
1980 840 =270 -1,940 1,300 30 20

Weighted Yields
- kg. per hectare -

1975 1,800 1,900 2,100 1,000 790
1976 2,000 2,100 2,400 1,200 850
1877 1,900 2,100 2,500 1,400 1,100
1978 2,000 2,000 2,400 1,200 1,100
1979 1,600 1,900 2,200 1,000 870
1980 1,700 2,000 2,400 1,200 800

(a) Actual yields are used in both simulations.
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This tendency is reflected in total marketings and exports as illus-
trated in Figures 4.12 and 4.13. As the mig of crops is shifted to fav-
our export crops, particularly wheat and in some years rapeseed, export
marketings and consequently total marketings are predicted to increase
above the respective benchmark value with the exception of 1979 and
1980. Both export and total marketings fell substantially in 1979 de-
spite production increases relative to the benchmark. Marketings de-
clined because of the substantial reduction in available supply caused
by the reduction in on-farm carryovers that occurred with the removal of
system constraints. Predicted export and total marketings are approxi-
mately equal to the benchmark. marketings in 1980 due to decreases in
both aggregate production and on-farm carryover.

Total marketings are predicted to peak in 1977 with the lowest level
of marketings two years later. Forecasted marketings reach 28.3 thou-
sand tonnes in 1977 and decline to 22.1 thousand tonnes in 1979. By
comparison, benchmark marketings are 25.7 and 25.1 thousand tonnes.

The changés in predicted total marketings are reflected in the gross
margin (see Figure 4.14). Predicted gross margin exceeded benchmark
gross margin in-all years except 1979 because of increased production of
higher valued grains, such as wheat, and increases in overall produc-
tion.  The 1979 decrease in gross margin reflects the decrease in total
and export marketings caused by the lower available supply noted earli-
er.

It should be noted that the decrease in production and exports for
1980 is predicted to result in a higher gross margin than occurred in
the benchmark simulation. This is due to a shift in mix of crops pro-
duced to favour the relatively more profitable grains as production is

close to benchmark levels.
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Figure <4.14
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The annual difference between production and benchmark gross margin

is compounded to 1980 to give an overall estimate of the additional rev-

enue gain (lost) due to the removal of transportation constraints. As

shown in Table 4.4, gross margin is forecasted to increase by $1.1 bil-

lion above benchmark levels. This net increase is due to a compounded

increase in revenues of $1.3 billion less a compounded increase in vari-
able production costs of $270 million.

Table 4.4
Compounded Change and Sum of Compounded Change

Sales Revenues, Production Costs and Gross Margins
Production Minus Benchmark Simulation(a)

Sum of
Compounded Difference Compounded Difference
Sales Production Gross Sales Production Gross
Year Revenue Cost Margin  Revenue Costs Margin
$ million
1975 350 0 350 350 0 350
1976 640 10 620 980 20 970
1977 400 50 340 1,380 70 1,310
1978 420 60 370 1,800 130 1,680
1979 -770 100 -880 1,030 230 800
1980 290 40 250 1,320 270 1,050

(a) May not sum due to rounding.

Gross margin declined in only 1979. Because of the decline in grain
available to export, sales revenues are predicted to fall below bench-
mark levels. The compounding the difference results in a sales revenue
loss of $770 million plus additional production costs of $100 million.

As a result, compounded gross margin declined by $880 million in 1979.
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In summary, the comparison of production and benchmark simulations
reveals many of the expected changes in aggregate area seeded, and sup-
ply and disposition. Total seeded area is predicted tb increase due to
a decrease in fallow area seeded combined with an increase in stubble
seeded area. = Forecasted production and marketings as well as export
marketings are generally above benchmark levels except in 1979. Corre-
spondingly, gross margin is forecasted to increase in all years except
1979 as the production of relatively more profitable grain is favoured.
Gross margin is predicted to decline in 1979 due to less grain being
available for export. Producers are forecasted to be $1.1 billion (1980
dollars) better off by 1980 with the provision of adeguate transporta-

tion and handling capacity.

4.1.2 Comparison of Technology and Benchmark Simulations

The technology simulation includes the adjustment to system capacity
used in the production simulation and an adjustment to reflect changes
in the rate of adoption. The adoption rate is accelerated by increasing
the rate of stubble area seeded and by increasing the rate of nutrient
incorporation. These two adjustments increase production as more land
is continuously cropped and yields are higher. The crop mix changes as
accelerated yields affect the relative profitability between crops.

As shown in Figure 4.15, total cultivated area increased above bench-
mark levels from 1975 to 1980 while following the same trend as the pro-
duction simulation. Forecasted area increased by approximately 20 per-
cent above benchmark levels from 1976 to 1979 with increases of 28 and
15 percent, in 1975 and 1980. Total area seeded ranged from 23.7 to
21.4 million hectares. By comparison, 16.8 million hectares were seeded

in 1985-86.
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The increase in total seeded area primarily reflects increased
continuous cropping and increased allocation of land previous seeded to
the non-principal crops. Total area seeded on stubble seedbed is pre-
dicted to iﬁcrease above benchmark levels (see Figure 4.16), while seed-
ed fallow area is predicted to decline below benchmark levels 1in all
years. However, the stubble area increase exceeds the fallow area de-

crease indicating that land previously seeded to other crops is being

seeded to the principal crops.

Table 4.5

Change in Total Area Seeded
Technology Minus Benchmark Simulation

'000 hectares

1975 5,130 420 3,680 1,020
1976 3,510 260 2,580 660
19717 3,790 350 2,590 850
1978 3,860 530 2,700 630
1979 3,710 600 2,470 640
1980 2,920 150 2,330 440

As indicated in Table 4.5, most of the increase in total area seeded oc-
curred in Saskatchewan. For example, approximately 2.3 million hectares
out of an additional 2.9 million hectares are seeded in Saskatchewan in
1980, Saskatchewan's contribution is largest primarily because of the
higher historical level of summer fallowing.

An adjustment period occurs for both seedbeds in 1975 and 1976 after
which seeded stubble and fallow area remain at fairly constant levels of

approximately 16.6 and 5.7 million hectares. In 1975, stubble area
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seeded increased as producers adopted minimum summer fallowing practis-
es; however, fallow area is overstated as it is influenced by the total
area from two years previous, stubble area from the previous year, and
new land brought into production in the previous yéar. In the following
year, fallow area is underestimated because it is derived based on 1975
stubble area. Forecasted stubble area is overstated in 1976 because it
is a function of the 1975 total area seeded. As a result of the rela-
tive errors, total seeded area is overestimated in 1975 and underesti-
mated in 1976.

Total forecasted production is significantly higher than benchmark
production (see Figure 4.17). Forecasted production ranged from 42.0
million tonnes in 1977 to 34.3 million tonnes in 1980. By comparison,
benchmark production ranged from 36.5 million tonnes in 1977 to 29.8
million tonnes in 13979,

Predicted total production roughly paralleled benchmark production in
all years except 1976. Forecasted production declined in 1976 while
benchmark production increased fairly significantly. The production de-
crease in the technology simulation reflects the underestimation of
forecasted area seeded caused by an underestimation of seeded fallow
area.

Total production is affected by changes in both area seeded and
yields. Total area seeded is higher because of increased continuous
cropping while yields are higher due to increased nutrient application.
Higher yields and reduced carryovers also affect production by changing
the relative profitability of crops between seedbeds which, in turn, al-
ters the allocation of area between crops. As these factors simultane-
ously influence total production, production changes are difficult to

attribute to a specific factor.



Production, '000,000 fomes

43

42

L

40

»

n

EX)

36

33

34

33

32

3

30

29

2%

27

28

k43

Figure 4.17
Total Production for the Flve Principal Crops in Western Canada
197 4-76 to 1980-81, ‘000,000 tomnnes

Procuetion Sirmulotion

Technology Simuiation

Bencnmork Simulation

Y
1975

T
1576

Crop

k] T
1977 1978
Years 1974~7%5 to 1980~81

Y
1879

1980



76

Table 4.6 indicates change in area seeded by crop between the
technology and benchmark simulations. Predicted area seeded to wheat,
barley and rapeseed generally increased above benchmark levels while
oats and flaxseed declined below or remained near benchmark levels in
all years. The increase in area seeded is greater than the decrease in
area seeded as forecasted total area seeded expanded above benchmark
levels.

The change in weighted yield by crop between the technology and
benchmark simulation is also shown in Table 4.6. The largest change in
yield is predicted for barley with relatively smaller changes in yields
for wheat, oats, rapeseed, and flaxseed. Both rapeseed and wheat
weighted yields decreased in each year.

Rapeseed weighted yields consistently decline relative to benchmark
yields due to two major factors. First, the projected yields for rape-
seed are set equal to the actual yields for 1975 to 1980 for rapeseed
seeded on both seedbeds. Actual yields are used because producers in-
corporate nutrients at levels reasonably close to recommended levels.3®
Therefore, the yield response is relatively insignificant if nutrients

are incorporated at recommended levels.

3% For example, between 1977 and 1980 producers in Manitoba applied
15-18 kgs. of nitrogen and phosphorous per ha on stubble and 9-10
kgs. of nutrients per ha from 1877-80 based on estimates of average
nutrient application rates by clients of the Manitoba Crop Insurance
Corporation. The recommended application rates are 18-24 kgs per ha
on stubble and 11-15 kgs. per ha on fallow.



Table 4.6

Change in Area Seeded and Absolute Yields by Crop
Technology Minus Benchmark Simulation

1975-1980

Year Wheat Oats Barley Rapeseed Flaxseed Total

Change in Area Seeded
- 000 hectares -

1975 3,600 - 400 700 1,200 0 5,100
1976 3,900 - 700 - 300 700 0 3,600
1977 2,900 - 600 600 1,000 100 4,000
1978 3,600 - 500 100 600 -200 3,600
1979 4,000 0 0 = -TY00- -100 3,700
1980 3,800 -700 -1,900 1,700 0 2,900

Weighted Yields
- kg. per hectare -

1975 - 20 110 220 - 90 -20
1976 ~190 30 280 -150 -10
1977 -120 120 400 -180 30
1978 -130 80 480 -120 20
1979 - 90 180 440 - 70 12
1980 -140 130 480 ~-101 -390

(a) Actual yields are used in both simulations.



78

Second, the increase in stubble seeded area increases the relative
effect of the lower stubble yields. A weighted yield on stubble seedbed
is historically lower than the corresponding yield on fallow seedbed.
For example, the weighted yield on stubble is 1.5 kgs per ha compared to
1.8 kgs per ha on fallow seedbed in 1980. The corresponding predicted
weighted yield is 1.4 and 1.9 kgs per ha. The weighted yield declines
as the relatively larger increases in area seeded to stubble offsets any
increase in yield due to increased nutrient incorporation.

Forecasted export and, therefore, total marketings increased except
in 1979, as by definition, any excess production is exported (refer to
Figures 4.18 and 4.19). The increase in forecastea export marketings
ranged from a high of 55 percent in 1975 to a low of 10 percent in 1980
above the corresponding benchmark values. Forecasted export marketings
reached 28.7 million tonnes in 1977 with a low of 19.6 million tonnes in
1979. Exports declined by 4 percent 1in 1979 mainly because of lower
available supply caused by reduced carryovers.

Forecasted total marketings followed a similar trend as forecasted
export marketings. The predicted increase ranged from a high of 41 per-
cent in 1975 to no change in 1979. Predicted marketings peaked in 1977
at 32.7 million tonnes and are lowest in 1979 at 25.1 million tonnes.

Though total marketings is primarily affected by export marketings, a
relatively minor influence is exerted by domestic marketings. In situ-
ations such as simulated by the technology simulation, land may be allo-
cated to favour export crops at the expense of crops produced primarily
for domestic consumption (given relative profitabilities). This may
lead to a deficit supply (import) situation if production is insuffi-

cient to meet domestic marketing requirements. This occurred for oats
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from 1977 to 1980 as there is insufficient predicted available supply to
meet domestic requirements. This caused minor fluctuations 1in total
marketings.

Total gross margin increased significantly above benchmark levels in
all years except 1979 (see Figure 4.20). Gross margins are predicted to
be the highest in 1976 at $250 million and the lowest in 1980 at $580
million. Forecast gross margins are above benchmark revenues in all
years except 1979. 1In 1979, the increases in area seeded and yields re-
sulted in sufficient production combined with minimum carryovers to off-
set the decrease in gross margins primarily due to lower available sup-
ply.

The general trend of the predicted gross margin is an exaggerated
version of the trend in the production simulation. Both gross margins
are primarily affected by the redistribution of area seeded to favour
export crops with the greatest redistribution occurring in the technolo-
gy simulation.

The annual difference between production and benchmark gross margin
is compounded to 1980 to give an overall net difference in gross margin
due to changing the assumptions. The compounded difference is predicted
to be $3.0 billion as shown in Table 4.7. Producers are better off un-
der the technology simulation because additional monies are compounded

at prevailing interest rates.
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Table 4.7

Compounded Change and Sum of Compounded Change in
Sales Revenues, Production Costs and Gross Margins
Technology Minus Benchmark Simulation

Sum of

Compounded Difference Compounded Difference

Sales Production Gross Sales Production Gross

Year Revenue Costs Margin  Revenue Costs Margin

- $ million -

1975. 2,140 690 1,440 2,140 690 1,440
1976 1,310 590 720 3,440 1,290 2,160
1977 1,210 600 610 4,660 1,880 2,770
1978 1,221 570 650 5,880 2,450 3,420
1979 - 169 580 -750 5,710 3,040 2,670
1980 770 500 280 6,480 3,530 2,950

(a) May not add due to rounding.

As with the production simulation, gross margin increased 1in all
years except 1979. The increase in production is insufficient to pro-
vide enough available supply to generate exports and, therefore, sales
revenues equal to benchmark sales revenues. Gross margin declined as a
result by $750 thousand when the compounded sales shortfall and produc-
tion costs are considered.

In summary, the majority of the anticipated responses have been indi-
cated in the comparison of technology and benchmark simulations with
some additional comparison to the production simulation. Producers are

predicted to significantly increase production given the willingness to
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adopt minimum summer fallowing practises. The mix of crops produced is
forecasted to favour export crops such as wheat, rapeseed and barley
while production of domestic crops such as oats is expected to decline.
The shift to export crops is forecasted to significantly increase both
export and total marketings which increased the gross margin received by
producers in all years except 1979. Producers are predicted to receive
an additional $3.0 billion (1980 dollars) by increasing the adoption

rates given adequate capacity.

4.2 DISCUSSION OF RESULTS

4.2.1 Acceptability of Assumptions

The acceptability of the assumptions determine the significance of
the results derived 1in the three simulations. If the assumptions are
reasonable, the results are acceptable with a fair degree of confidence.
The four key assumptions are evaluated against actual occurances in the
1984-85 crop year. This crop year is the most recent year for which
complete information is available.

Carryovers are assumed to decline to the minimum level producers are
willing to store in both the production and technology simulations. The
minimum aggregate stock level is set at 2.9 million tonnes based on ob-
served minimum carryovers by crop during the 1970s.°® In 1984, two con-
secutive years of small crops reduced grain inventories to 3.3 million
tonnes as the majority of production is consumed. As the difference is
less than 500 thousand tonnes, the minimum level of carryover used in

the simulations is deemed to be within an acceptable level.

36 The minimum level for rapeseed was chosen from the crop years 1975-76
to 1980-81 as rapeseed is a relatively new crop.
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Estimated exports are based on the following two assumptions:

1. Adequate capacity is available to move excess production in both
the production and technology simulations.
2. Production is directed by export prices which fully reflect world

demand and supply conditions.

Preliminary estimates by the Canadian Grain Commission indicate exports
of 23.2 million tonnes for 1985-86 (from western Canada) while the pro-
duction and technology simulations forecasted 20.8 and 21.1 million
tonnes exported from the Prairie provinces in 1980.

The level of summer fallowing is affected by wunusual weather condi-
tions (i.e., low precipitation prior to and during the planting season),
surplus grain inventories and the rate of acceptance and/or adoption of
reduced fallow practices.®’ The recommended ratio of crop seeded on
stubble to total cropland is 0.93 percent for Manitoba, 0.71 percent for
Saskatchewan and 0.76 percent for Alberta. A straight-line trend is
used to bring historical percentages to the minimum technically feasible
levels by 1985 for the technology simulation. The increase reflects
both the rate of acceptance and the absence of surplus grain inventories
as carryovers were at minimum levels.

The rate of acceptance is within an reasonable range in all provinces
except Saskatchewan in the technology simulation. Approximately 0.92,
0.71 and 0.76 percent of the total cropland is predicted to be seeded to
stubble in Manitoba, Saskatchewan and Alberta in 1980. By comparison,

0.87, 0.45 and 0.71 percent of the total cropland was seeded to stubble

87 paryl F. Kraft and Valerie J. Fields, "Fertilizer Demand in the Prai-
rie Provinces," (unpublished paper, University of Manitoba, 1981),

pp. 4-7.
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in Manitoba, Saskatchewan and Alberta in 1984, While the other provinc-
es are close to technically feasible levels, Saskatchewan remains at ap-
proximately two-thirds of minimum level. As the acceptance of minimum
fallowing is more gradual in Saskatchewan, the simulation overestimates
the area seeded on stubble by approximately one-third.

The production and technology simulations are generated using the as-
sumption that production in excess of historical levels 1is exported.
Additional predicted exports ranged from 1.3 to 3.7 million tonnes in
the production simulation and ranged from 2.0 to 8.5 million tonnes in
the technology simulation. Given the world demand and supply situation,
the additional exports from the production simulation are likely to be
absorbed by the world market; however, the 33 per cent increase in ex-
ports in the technology simulation may not occur.

In conclusion, most of the assumptions are acceptable within limits.
Minimum carryover levels used in the model are close to minimum levels
in recent years given pipeline requirements. The practise of minimum
summer fallowing has geﬂerally been accepted in Manitoba and Alberta al-
though Saskatchewan 1is considerably below technically feasible levels.
Finally, the ability to market excess production into export markets may
be reduced by world surpluses for each of the major grains and by cur-

rent changes in U.S. farm policy.

4.2,2 Implications of Results

The simulated results suggest several major implications from provid-
ing system capacity. Continuous cropping will require changes in farm
management practises, particularly in Saskatchewan. Production is ex-

pected to shift in favour of exports with an increased specialization in
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a few major crops. Most importantly, producers are expected to gain
from increased capacity even without accelerating their acceptance of
technology assuming that they do not have to pay the full historical and
additional capacity costs.
Continuous cropping requires different farm management practices than
a combination of fallow and stubble. For example, increased usage of
nutrients are necessary for maximum growth as there is a significant
difference in nutrient availability between fallow and stubble fields.
Better weed control and improved tillage practises are also required.
In addition, either crop prices will have to improve or fertilizer pric-
es decrease as recent decreases in crop pgices of up to $20 a tonne are
likely to reduce the financial incentive to increase fertilizer incorpo-
ration,3®
Exports are forecasted to become more specialized depending on pro-
ducer responses. As indicated in Table 4.8, exports are predicted to be
more heavily concentrated in wheat (4 to 8 percent more) with more ra-
peseed exported (7 perceﬁt more) and substantially less barley (17 per-

cent less).

38 Kraft and Fields (1981) suggest that fertilizer application rates are
conditional on the ratio of grain to fertilizer prices.
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Table 4.8

Simulated Wheat, Barley and Rapeseed Exports As a Percentage
of Total Exports
Prairie Provinces, 1980

Simulation Wheat Barley Rapeseed
_%_

Benchmark 76 23 8

Production 79 6 15

Technology 84 6 14

The dependence on wheat exports introduces more susceptibility to ec-
~onomic and production conditions. The reliance on a single major export
crop means that the industry would lack a cushion against negative price
fluctuations and disease problems which is provided by crop diversity.
This shift also has negative growth implications for domestic consump-
tion of coarse grains as production is anticipated to be close to his-
torical domestic consumption levels.

The growth 1in rapeseed exports may be constrainted by historically
limited markets. Japan has imported the bulk of exports with tradition-
ally poor export opportunities in other countries. The expansion of ex-
ports will depend on the willingness of Japan to further open its market
and the possibility of competition from U.S. producers as canola is now
acceptable for human consumption in the U.S.

Based on the relative changes in marketings and area seeded, produc-
ers are forecasted to be better off given adequate transportation and
handling capacity. The compounded net difference in gross margin is
predicted to be close to $1.1 billion (1980 dollars) between the produc-

tion and benchmark simulations. By comparison, the difference between
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the technology and benchmark simulations is forecasted at approximately
$3.0 billion (1980 dollars). In other words, approximately $1.1 to 3.0
billion were lost to producers because of inadeqguate capacity. |

However, whether producers are better or worse off depends upon if
the additional gross margin was sufficient to pay for the existing ca-
pacity as well as the additional capacity needed to move forecasted ex-
ports. The existing revenue shortfall is calculated by multiplying the
cost per tonne paid by the federal government and other contributors
(excluding users) times cereal grain and product movement. This is com-
pounded to 1980 to allow a comparison between the cost of both existing
and additional rail capacity and gross margin. As shown in Table 4.9,
the revenue required to pay for the existing capacity is estimated to be

approximately $2.0 billion.

Table 4.9

Calculation of Revenue Shortfall from Existing Capacity

Other Grain and Product Compounded  Sum of Com-
Cost/Tonne Movement - Shortfall pounded Shtfall

$/tonne million tonnes -~ ¢ million -

1975 8.10 21.4 280(a) 280

1976 8.58 22.6 280 560

1977 9.53 27.2 350 910

1978 10.48 23.4 300 1,220

1979 11.53 27.4 350 1,570

1980 13.93 27.6 380 1,960

(a) The actual shortfall of $175 million equals $280 million by 1980
when interest is taken into account.
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Additional capacity cost is estimated by multiplying exports in ex-
cess of estimated system capacity times the full cost, including the
cost paid by users, the federal government and other contributors.3® As
shown in Table 4.10, additional capacity is predicted to cost producers
an additional $80 million if they paid the full cost arising from ex-
ports in the production simulation. Additional grain movement estimated
in the technology simulation is forecasted to cost producers an extra
$590 million.
Table 4.10

Calculation of Additional Costs Due to Predicted Grain Movement

Additional
Total Grain and Product Compounded Sum of Compounded
Cost Movement Shortfall Shortfall
$/tonne million tonnes - $ million -

Production Simulation

1975 12.72 1.3 30 30
1976 13.48 3.6 70 100
1977 14,11 2.6 50 150
1978 15.52 2.2 40 190
1979 17.07 -3.9 -74 110
1980 18.39 2.1 -40 80
Technology Simulation
1975 12.72 9.6 200 200
1976 13.48 7.5 150 340
1977 14.11 7.0 130 480
1978 15.52 6.5 120 600
1979 17.07 -0.9 -20 590
1980 18.39 0.3 10 590

39 pr, E.W. Tyrchniewicz, Professor, Department of Agricultural Econom-
ics, University of Manitoba, July 1986.
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The additional $1.1 billion revenue is inadequate to the costs of the
existing rail capacity as the total revenue shortfall including costs
for additional capacity from 1975 to 1980 is estimated to be $2,080 mil-
lion. Producers would have been worse off by $980 million; however,
payments by government and other contributors would have been reduced
from $2.2 million to $1.2 million.

By comparison, the additional $3.0 billion is more than sufficient to
pay for both the existing rail revenue shortfall and additional costs
incurred to move forecasted grain. Rail capacity would have cost ap-
proximately $2.7 billion of which $2.1 billion would cover the existing
shortfall and $590 million would pay for additional capacity. This sug-
gests that producers would have been financial better off by incurring
the full transportation costs because the increase in revenue from an
unconstrained market system would have offset historical and potential
transport costs by approximately $300 million.

Secondary industries such as the chemical industry are also worse off
because of constraints. Inputs estimated at $270 million (1980 dollars)
are necessary for production assuming adequate capacity. An estimated
$3.5 billion (1980 dollars) inputs are required for production assuming
adequate capacity and accelerated technological adoption rates. There-
fore, the direct loss in producer gross margins indirectly resulted in
losses for secondary industries. The multiplier effect would further

increase both of these losses to the rest of the economy.



Chapter V
SUMMARY

This chapter provides a brief summary of the entire study. The sy-
nopsis reviews the problem, the research methodology, the findings and
policy implications. The limitations of the work, as well as, recommen-

dations for further research are also presented.

5.1 PROBLEM DISCUSSION

The CWB suggested that $1.1 billion of sales are lost or deferred in
1972, 1978 and 1979 as the result of inadequate transportation capacity.
Several studies disputed the issues concerning when capacity actually
restricted sales and whether lost and/or foregone sales resulted in fi-
nancial losses to producers. Previous studies also reviewed constraints
within a crop year rather than evaluating the dynamics of the net finan-
cial situation. As a result, this study is undertaken to identify the
dynamic impacts of domestic marketing system constraints on farm gate

gross margins*® for Prairie producers from 1970-71 to 1980-1981.

40 Gross margin is defined as the revenue received minus the variable
costs of production. Fixed costs are held at historical levels in
the simulations.

- 89 -
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5.2 THEORETICAL FRAMEWORK AND RESEARCH METHODOLOGY

Pure competition theory suggests that marketing system constraints
affect producer gross margin through the quantity of grain sold and the
volume of variable inputs used in the production process. Constraints
reduce the volume of grain sold by restri;ting the physical movement of
grain to export markets. Domestic markets are depressed as excess grain
is sold or stored on-farms. Higher inventories cause producers to alter
production plans by summer fallowing more land, altering the mix of
crops seeded and using lower levels of fertilizer and herbicides.

The net financial cost or benefit to producers is difficult to pre-
dict, a priori. For example, the loss in revenue in the first year of
constraints will be offset by the gain in revenue in the second year if
the price received in the second year for the excess grain is equal to
or greater than the price received in the {i;spuxggg plus associated
storage costs. Variable costs may also be affected if less land is
seeded in the second year. Costs are also affected in the third year if
the fallowed land is brought into production as less inputs are reqguired
on fallow land to obtain the same yield. Therefore, the net gain or
loss in gross margin depends on the interyear changes in revenues and
costs.

Based on the above theory, a working hypothesis 1is developed which
stated that domestic system constraints reduced the gross margin of
Prairie producers during the latter seventies. This hypothesis is test-
ed using a non-linear simultaneous-equation technique. A recursive
acreage allocation model is used to estimate cultivéted area by seedbed,
by crop and by Prairie province with carryovers as the recursive vari-

able. Simulated area seeded is used to generate provincial supply and
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disposition for each of the five principal grains. Disaggregation by
pfovince and crop accounted for differences in acreage allocation be-
tween seedbeds and differences in provincial production and marketing
patterns. Simulated area seeded and marketings are used in determining
costs, revenues and gross margins.

Three simulations are used to determine the effect of domestic mar-
keting system constraints from 1975 to 1980. The historical simulation
tested the predictive ability of the models as well as provided a bench-
mark for comparison for the remaining simulations. The production simu-
lation forecasted producer response assuming adequate grain transporta-
tion and handling capacity. The technology simulation fofecasted
producer response assuming adequate capacity as well as a higher adop-
tion rate. The higher adoption rate is simulated by accelerating the
acceptance of stubble cropping and fertilizer incorporation to reach
minimum summer fallow practises and recommended nutrient application

levels by 1985.

5,3 MAJOR RESULTS

System constraints restricted exports in three years including
1975-76, 1977-78 and 1978-79. As constraints affect production deci-
sions in years following the constrained year, gross margins are simu-
lated from 1975-76 to 1980-81. The gross margins obtained from the his-
torical simulation is subtracted from the gross margins obtained in the
production and technology simulations. The respective differences in
gross margin are compounded from 1975 to 1980 using the Canada Savings
Bond as a reasonable rate of return. This facilitates a comparison be-

tween the differences in gross margins in 1980 dollars.
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As indicated in Table 5.1, the provision of adequate grain transpor-
tation and handling capacity from 1975 to 1980 is forecasted to have a
relatively minor impact on seeded area. Average annual seeded area is
forecasted to increase by 0.5 million hectares above the average annual
benchmark level of 18.4 million hectares. This increase is mainly due
to increased continuous cropping. Cultivating the larger area seeded is
forecasted to increase the average annual variable operating costs by

$0.1 billion to $1.7 billion.

Table 5.1

Simulated Results of the Prairie Grain Economy with
and without Marketing Constraints

(Average 1975-80)

Production Technology

Item Historical Adjustment(a) Adjustment (b)
Average Area Seeded 18.4 18.9 22.4

(million hectares)
Average Production

(million tonnes) 34.6 34.3 39.1
Average Exports

(million tonnes) 20.2 20.7 _ 25.0
Average Sales

($ billion) $ 3.7 $ 3.7 $ 4.3
Average Operating

Costs (§$ billion) $ 1.6 $ 1.7 $ 2.1
Average Gross

Margin ($ billion) $ 2.1 $ 2.0 $ 2.2
Compounded Gross

Margin (Simulation -

Historical, $ billion) $ 1.1 $ 3.1

(a) Production adjustment simulation assumes Prairie farmers would
increase production according to how they behaved between 1960
and 1985 whenever on-farm stocks of grain fell to minimal levels.

(b) Technology adoption simulation assumes Prairie farmers would
accelerate the reduction in summer fallow and increased use of
fertilizer above historical rates once they realized that the
grain marketing system could accommodate the added production.



93

Although average annual total seeded area is forecasted to increase,
éverage annual production 1is expected to slightly decline from 34.6 to
34,3 million tonnes yield differences between seedbeds and between
crops. Increased stubble cropping reduced production because of lower
yields obtained on stubble seedbeds compared to fallow seedbeds. The
mix of crops reduced production because of increased wheat and rapeseed
production at the expense of higher yielding barley. The shift 1in
seedbed and mix of crops primarily reflects the relative profitability
between crops given expected harvest prices and yields as low invento-
ries are a minor decision factor. This shift in production plans sug-
gests that producers diversified by growing more barley as well as rest-
ing more land du}ing times of constraints.

Although average annual exports increased from 20.2 to 20.7 million
tonnes average annual sales remained the same as historical average an-
nual sales ($3.7 billion) because of changes in crops exported. The in-
crease in relatively higher priced wheat and rapeseed exports is offset
by the decline in barley exports and loss of export revenues in 1979,
Sales revenue declined drastically in 1979-80 because of lower available
supply as grain inventories are reduced to minimum levels.

The combination of increased average annual costs and unchanged aver-
age annual sales resulted in average annual gross margin declining by
$0.1 to $2.0 billion. However, the compounded difference between simu-
lated and historical gross margin increased by $1.1 billion because of
the timing of gross margin changes. Predicted gross margin increased
relative to historical gross margin because of export revenue increases

in all years except 1979, As discussed earlier, export revenues de-
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clined in 1979 due to a reduction in available supply. The increase in
compounded gross margin suggests that by 1980, $1.1 billion is unavail-
able for investment or consumption.

By comparison, adequate capacity and accelerated adoption rates sig-
nificantly increased seeded area as shown by the technology adoption
simulation in Table 5.1. Average annual seeded area increased from 18.4
to 22.4 million hectares or by approximately 22 percent as more land is
continuously cropped and land previously seeded to non-principal crops
is allocated to the five principal crops. As farmers are predicted to
farm more intensively by increased continuous cropping and fertilizer
usage, production costs are forecasted to increase from $1.6 to $2.1
billion.

The increased area seeded as well as accelerated yields resulted in
average annual production increasing from 34.1 to 39.1 million tonnes.
Production of wheat, barley and rapeseed increased as accelerated yields
affected the relative profitability between crops. The increased pro-
duction and sale of higher valued crops resulted in average annual ex-
ports increasing by 4.8 million tonnes to 25.0 million tonnes. Conseqg-
uently, average annual sales increased from $3.7 to $4.3 billion.

Average annual gross margin increased by 100 million to $2.2 billion
mainly as a result of increased sales revenue from exports. As in the
production adjustment simulation, average annual export revenues in-
creased in all years except in 1979 and the decline in 1979 1is due to
lower available supply. The changes in gross margin resulted in a net
compounded increase of $3.1 billion (1980 dollars) in gross margin.

Despite the increase in gross margins, producers would be worse off

if they had to pay the full cost of providing adequate capacity from
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1975 to 1980. The existing capacity has a compounded revenue shortfall
of $2.0 billion which was financed by the federal government and other
contributors. Additional compounded capacity costs of $80 million would
be incufred to move exports predicted in the production simulation. As
producers are forecasted to increase their gross margin by §$1.1 billion,
a net loss of $980 million would result. Therefore, producers are bet-
ter off under historical system constraints than 1if they had to pay the
full costs of the adequate capacity.

By comparison, producers would benefit from an adequate transporta-
tion and handling system if they accelerated their adoption rates. In
addition ($1980) to the $2.0 billion necessary to cover existing revenue
shortfalls, producers would have to pay $600 million ($1980) to ship ad-
ditional exports. However, producers are expected to generate a com-
pounded gross margin of $3.1 billion which would offset the combined
compounded transportation cost by $500 million. Therefore, producers
would be better off by incurring the full costs necessary for adequate

capacity.

5.4 POLICY IMPLICATIONS

The study shows that system constraints are costly to producers in
terms of gross margin foregone. Policies affecting grain transportation
capacity needed to be reviewed in the context of minimizing losses to
the grain industry including the railways, grain handling companies,
producers and taxpayers.

Inadequate investment in the grain transportation system occurred
primarily because the statutory rate structure on grain and grain prod-

ucts did not foster capital investment and service by the railways. Mo-
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nies were injected in the rail network by the federal and by provincial
governments and by farmers through the CWB. However, these ad hoc meth-
ods fell short of the total requirements. Recent changes brought about
through the Western Grain Transportation Act are slowly enabling some
financial incentives which have the potential of meeting the future cap-
ital requirement for transportation capacity.

This analysis suggests the additional income from adequate capacity
is sufficient to offset previous railway revenue shortfalls as well as
cover added transportation costs provided producers have an incentive to
accelerate adoption rates. Although producers could historically pay
these costs, political pressures may prevent this type of payment sys-
tem, In addition, current compensation schemes are part of an on-going
settlement of statutory freight rates. A timely settlement of this and
related issues would encourage producers to accelerate adoption rates if
an adequate transportation system is assured.

This analysis suggests that modifications are necessary to policies
affecting continuous cropping and fértilizer application rates. For ex-
ample, the CWB allocates grain deliveries using seeded area as well as
fallow area. In terms of this analysis, a system based on seeded area
would provide incentive for producers to adopt minimum summer fallow
practises. Producers would be better off by adopting these practices
given an adequate transportation system and assuming both reasonable
prices and available export markets.

Domestic surpluses during the latter seventies would have caused in-
creased domestic usage by both the livestock and processing industries.
As adequate transportation capacity becomes available, farmers produc-

tion plans will alter to reflect relative profitablities without surplus
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stocks. Both industries may require assistance as they have responded
to depressed prices by expanding physical plant. The resulting egcess
capacity will lead to downsizing and possibly plant closures. There-
fore, policies aimed at reducing the impact of such action may be neces-

sary.

5.5 LIMITATIONS

The simulation procedure led to an 1incorrect estimation of seeded

acreage in 1975 and 1976 in the technology simulation. Seeded area is
overestimated in 1975 and underestimated in 1976 because of the lagged
effect of the equations estimating seeded stubble areé and seeded fallow
area. This led to a net overestimation of gross margins for the two
year period.
__ The physical capacity®' of the transportation and handling system is
estimated at 95 percent of peak capacity once a peak is set. This may
lead to an over- or underestimation of potential movement depending on
the actual capacity.

Provincial feed requirements are calculated as reported feed, waste
and dockage less estimated waste and dockage. Provincial estimated
waste and dockage are calculated to be at the same proportional level as
reported nationally. As a result, provincial feed accounted for any er-

ror in balancing supply and disposition in reported data while any error

in forecasting is attributed to grain inventories.

41 The physical capacity of the grain transportation and handling system
refers to the total throughput of the entire system (all components).
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Prairie marketings are underestimated in comparison to western Canada
marketings. Provincial estimations are based on Canadian Grain Commis-
sion data while western Canada estimations are based on Statistics Cana-
da data. Statistics Canada data are slightly larger as deliveries are
included for unlicensed feed mills.

The fertilizer and continuous cropping rates are” assumed to have
reached recommended levels in all three provinces by 1985. While both
Manitoba and Alberta are close to recommended levels, Saskatchewan's
rates are approximately one-third of the recommended rates. This re-
sulted in a disproportionate growth in production due to higher yields
and increased seeded acreage. A slower hypothesized growth in the rate

of acceptance would reconize Saskatchewan's lower base rates.

5.6 RECOMMENDATIONS FOR FURTHER RESEARCH

The current analysis could be expanded to evaluate the effect of ade-
quate capacity on domestic requirements and market structure. Domestic
market requirements are held at historical levels in this analysis but
the reduction of grain inventories and changes in crop mix would affect
domestic supply. Pork supply and oilseed processing could be specifi-
cally examined.

The role of the agricultural transportation and handling capacity
could be examined within the larger issue of the entire transportation
system. This would facilitate a more detailed review of the benefits
and costs to the entire system of providing additional capacity to agri-
culture. The type of capacity and means of financing could also be ex-
plored. For example, the additional capacity could arise from more ef-

ficient usage of existing resources rather than adding new resources.
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Export markets could be examined to determine 1if the forecasted
growth in exports could be absorbed in world markets. A lower rate of
growth would result in a change in the projected net benefit from pro-
viding adequate capacity. This analysis could be modified to include a
projected market share.

The impact of the net compounded increase in gross margin could be
analyzed to evaluate the multiplier effect of the revenue foregone on
the Prairie economy. The direct impact on suppliers of variable inputs
could be expanded to include estimates of such factors as taxes fore-
gone. In addition, the effect of changes in gross margin could be ana-

lyzed relative to the rate of farm bankruptcy.
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APPENDIX A — HISTORICAL DATA



Table A.1

CWB and WCE Prices For the Five Principal Grains

Historical Data

1969 55.12 2.68 35.66 6.29 37.20 1.01 100.13 128.10 55.20 48.33
1970 55.12 6.28 35.66 5.77 37.20 0g.00 128.04 114.56 46.73 46.00
1971 53.65 5.00 35.66 5.38 37.20 0.00 121.96 98.93 55.44 57.40
1972 64.67 14.48 42.15 26.46 43.63 23.65 106.70 98.58 42.04 46.90
13873 137.79 30.42 68.08 43.38 98.75% 20.30 137.79 166.46 66.46 61.30
1974 137.79 26.60 74.57 32.75 98.75 8.31 263.23 417.62 102.84 t13.11
1975 137.79 8.49 74.57 30.86 87.27 1€.81 209.92 386.79 121.84 128.10
1976 110.23 6.91 75.22 10.63 80.38 11.12 209.75 259.79 107.75 108.70
1977 110.23 10.07 74.57 0.01 80.38 17.32 259.83 274.385 83.02 90.80
1978 128.60 31.93 73.92 11.41 79.46 11.44 286.77 214.95 78.20 77.60
1879 156.16 40.27 73.92 11.41 89.56 17.91 306.26 298.72 85.53 76.90
1980 196.58 25.72 88.19 37.61 130.90 15.62 299.74 322.86 111.72 114.20



Table A.2
Acreage by Seedbed and Crop, Manitoba
Historical Data

Year Wheat Wheat Oats Cats Barley Barley Canola Canola Flaxseed Flaxseed
Fal Stub Fal Stub Fal Stub Fal Stub Fal Stub

e et es e s s eccecccccscsscssssescscvsnssssssassscesses '000 HEeCtaAres .. ceecececcrrncocanenns 4 e et s e s s aseassesaaan e e e e

1969 730.2 282.3 74.9 544.7 170.9 315.1 33.6 45.8 75.7 369.8
1970 457 .7 109.4 98.8 411.95 295.7 311.9 83.6 62.4 141.8 303.8
1971 822.2 198.0 113.8 451.2 383.3 437.8 151.9 83.4 57.9 171.3
1972 650.4 402.6 51.0 410.7 217.9 632.6 93.2 897.2 40.5 162.0
1973 783.3 472.2 59.9 466.6 195.2 655.3 70.5 91.5 45.4 197.6
1974 605.1 528.9 66 .0 420.0 175.8 553.2 9t.1 111.4 54.3 229.2
1975 6387.0 558.5 56.3 389.2 130.8 476 .7 101.2 193.6 58.7 245.0
1976 737.9 801.1 72.5 433.8 113.8 534.2 48.6 52.7 39.7 172.9
1877 566.2 728.8 58.7 366.5 133.2 636.3 80.6 121.9 52.2 251.5
1878 541.1 835.9 47.4 256.4 96.0 612.8 i38.1 287 .1 48 .2 255.6
1979 406.6 808.4 32.4 149.9 83.4 503.8 179.4 367.3 67.6 438.6
1980 473.0 863.5 34.4 147.8 103.6 706.3 120.3 203.7 38.1 258.9



Table A.3

Acreage by

Seedbed and Crop.,
Historical Data

Saskatchewan

Year Wheat Wheat Oats Oats Barley Barley Canola Canola Flaxseed Flaxseed
Fal Stub Fal Stub Fal Stub Fal Stub Fal Stub

t e e e cesesssnsosenesecasesncsossscscsosssssscanassas 000 Hectares ........... te e e e s e e e e s e e,
1969 5 510.2 1 210.5 280.6 529.2 574.0 546.2 300.8 104.0 209.3 102.4
1970 3 063.2 175.7 505.7 283.8 1 003.6 332.4 816.2 74.5 562.8 64.8
1971 5 176.1 53.0 452.6 343.3 1 851.4 404.1 1 084.2 23.9 342.9 31.6
1972 4 613.8 1 013.8 285.8 398.4 1 026.7 835.6 550.2 57.1 203.6 59.5
1973 5 489.1 907.7 339.3 470.4 912.2 788.3 527.1 59.9 202.0 61.1
1974 4 967.6 902.8 324.3 444.9 941.7 758.7 534.0 53.0 175.7 47.0
19786 5 333.2 820.7 301.2 447 .8 725.1 691.9 664.0 64.8 142.5 39.7
1976 6 112.6 1 053.4 256.3 391.5 571.7 622.7 287.0 16.6 59.9 21.1
1977 S 433.6 1 125.1 238.9 388.7 780.6 757.9 508. 1 78.9 164.4 78.5
1978 5 423.5 1 489.6 172.5 313.4 508.5 746.6 951.8 181.8 109.7 72.5
1979 4 946.2 1 936.4 138.9 266.0 396.4 656.6 1 127.1 208.9 193.1 130.8
1980 5 289.5 1 755.1 147.0 217.4 530.8 785.0 741.7 68.0 113.0 69.2




Acreage by Seedbed and Crop,

Table A.4

Historical Data

Alberta

1969
1970
1871
1972
1973
1874
1975
1976
1977
1978
1979
1980

B I T T T T R T T T R

1
1

1
1
1
1
1
1

217.8
388.3
339.3
237.2
280.2
240.5
298.4
228.3
194.7
178.1
145.7
150.2

Hectares

1

350.2
935.2
063.2
311.7
354.7
392.3
208.5
606.1
613.0
S74.9

506.9

772.9

201.6
486.2
674.1
378.9
386.2
324.7
451.8
219.4
389.9
727.5
717.4

568.4

Flaxseed

Fal

Flaxseed
Stub




Table A.5

Yield by Seedbed and Crop, Manitoba
Historical Data

Year Wheat Wheat Oats Oats Barley Barley Canola Canola Flaxseed Flaxseed
Fal Stub Fal Stub Fal Stub Fal Stub Fal Stub
o e eressnassssrsasse Kg per Ha .. ..t tneeeencneseann e e e e s e et e e s s e e
1969 1 895.5 1 263.7 2 202.1 1 649.6 2 383.9 1 603.1 1 183.3 8639.2 742.9 554.0
1870 1 532.6 1 169.6 1 904.9 1 5831.5 2 092.6 1 581.6 1 116.0 835.6 812.2 585.5
1971 2 050.1 1 660.3 2 426.8 1 988.7 2 759.7 2 200.2 1 261.8 970.2 837.4 598.1
1972 1T 949.3 1 519.1 2 205.9 1 790.6 2 560.6 2 044.2 1 104.8 925.3 944 .4 692.6
1973 1 882.1 1 492.2 2 084.0 1 817.3 2 469.2 2 022.7 1 200.1 987.0 900.3 774.4
1974 1 572.9 1 236.8 1 661.1 1 318.2 1 882.8 1 4290.1 1 099.2 835.6 749.2 554.0
1975 1 814.9 1 539.3 1 973.5 1 685.4 2 146.4 1 742.9 i 054.3 8638.2 868.8 667 .4
1976 1 935.9 .1 714.0 2 148.7 1 808.7 2 662.8 2 167.9 1 166.5 863.6 900.3 724.0
1977 2 359.3 1 935.9 2 442.1 2 049.7 3 109.3 2 566.0 1 603.9 1 323.5 1 315.8 1t 045.1
1978 2 271.9 1 915.7 2 278.3 2 045.9 3 109.3 2 533.7 1 531.0 1 278.6 1 215.1 1 019.9
2 2
2




Table A.6

Yield by Seedbed and Crop, Saskatchewan
Historical Data

Year Wheat Wheat Oats Oats Barley Barley Canola Canola Flaxseed Flaxseed
Fal Stub Fal Stub Fal Stub Fal Stub Fal Stub

2 e s e e s s s s s eass s ss s as e seescesesssessasssessssssacsns K per Ha ... 0eeen.. e e s e s e s s e e t e s e e s e s s e e
1969 1 915.7 1 344.4 2 346.8 1 699.2 2 544.5 1 796.7 1 116.0 751.5 1t 019.9 724.1
1970 1 788.0 1 364.5 2 304.9 1 706.8 2 480.7 1 791.4 1 037.5 689.8 1 070.3 824.8
1971 1 801.4 1 317.5 2 423.0 1 805.8 2 560.6 i 855.9 1 054.3 712.2 900.3 648.5
1972 1 673.8 1 129.4 2 087.8 1 562.0 2 404.6 1 662.3 959.0 633.7 925.5 686.3
1973 1 660.3 1 209.9 2 190.6 1 664.9 2 420.8 1 732.2 959.0 650.5 906.6 711.4
1874 1 472.1 1 048.6 1 748.7 1 325.8 1 947.4 1 430.9 925.3 600.1 579.2 377.8
1975 1 .781.3 1 263.7 2 103.0 1 546.8 2 318.5 1 662.3 1 065.5 667.4 875.1 642.2
1976 2 177.8 1 593.1 2 B871.6 1 863.0 2 867.2 2 124.9 1 295.4 959.0 1 108.1 8969.6
1977 2 056.9 1 478.8 2 3338.2 1 737.3 2 748.9 2 08t1.9 1 491.7 1 037.5 1 259.2 843.7
1978 2 070.3 1 579.6 2 270.86 1 752.5 2 700.5 2 071.1 1 334.7 1 0039.4 1 234.0 950.7
1979 1 586.3 1 209.9 1 878.2 1 398.2 2 211.0 i 651.5 1 009.4 706.6 912.9 642.2
1980 1 660.3 1 176.3 1 931.6 1 531.5 2 415.4 1 920.5 1 261.8 936.5 969.6 8t12.2



Table A.7

Yield by Seedbed and Crop, Alberta
Historical Data

Year Wheat Wheat Oats Oats Barley Barley Canola Canola Flaxseed Flaxseed
Fal Stub Fal Stub Fal Stub Fal Stub Fal Stub

e e e e e s eeee e s be e s ees et st e s e sses s s essssssssescssrnense KO PEOIr HB 4t et eeescenesosesssssenssscsesssesesensa R
1969 1 909.0 1 351.1 2 384.9 1 798.2 2 700.5 1 893.6 919.7 622.4 957.0 673.7
1970 1 902.3 1 431.7 2 438.3 1 943.0 2 630.5 t 90%9.7 1t 048.7 689.8 1 038.8 850.0
1971 1 828.3 1 404.8 2 259.2 1 752.5 21442.3 1 737.6 964.6 594 .4 818.5 742.9
1972 1 929.1 1 546.0 2 510.7 2 0064.0 2 770.4 2 14t.0 1 110.4 841.2 1 057.7 698.9
1973 1 868.6 1 404.8 2 434.5 1 946.8 2 571.4 1 855.9 1 026.3 656.1 850.7 673.7
1974 1 687.2 1 398.1 2 072.5 1 642.0 2 313.2 1 818.3 987.0 740.3 812.2 680.0
1975 2 130.8 1 619.9 2 522.1 1 904.9 2 684.3 2 065.7 1.055.5 835.6 1 057.7 805.9
1976 2 345.9 1 734.2 2 655.4 2 057.3 2 931.8 2 248.6 1 200.1 863.6 1 013.6 969.6
1977 1 727.5 1 505.7 2 362.1 2 144.9 2 646.7 21399.2 1 374.0 1 138.4 1 082.9 761.8
1978 2 097.2 1 801.4 2 293.5 1 B66.8 2 738.1 21334.7 1 228.2 1 0839.2 1 287.0 1 183.6
1979 1 915.7 1 902.3 2 358.3 2 171.6 2 592.9 21442.3 1 076.7 953.4 1 133.3 1t 070.3
1980 2 265.2 2 184.6 2 567.8 2 339.2 3 077.0 21646.7 1 351.5 1 132.8 1 359.9 1 032.5




Table A.8

Average Yield by Seedbed and Crop, Prairie Provinces
Historical Data

Year Wheat Wheat Oats Oats Barley Barley Canola Canola Flaxseed Flaxseed
Fal Stub Fal Stub Fal Stub Fal Stub Fal Stub

DT cessees s e rsersacen Kg per Ha ........ e e s e s s e e s e e s e e s en e e e e e e s s eacses
1970 1 787.3 1 324.3 2 317.8 1 735.6 2 493.8 1 820.2 1 046.2 727.5 1 020.6 555.8
1971 1 835.1 1 514.5 2 362.7 1 853.2 2 541.2 1 869.1 1 038.4 737.4 873.7 550.4
1972 1 753.6 1 307.3 2 273.6 1 803.5 2 563.9 1 975.2 1027.7 828.4 950.4 622.0
1973 1 726.0 1 .327.2 2 282.3 1 815.6 2 484.0 1t 860.2 1001.9 758.3 912.6 698.5
1974 1 524.4 1 168.7 1 863.5 1 431.6 2 083.8 i 642.6 962.4 750.1 660.3 511.8
1975 1 847.5 1 413.9 2 283.1 1 720.8 2 489.8 1 883.7 1 063.8 823.7 835.3 645.3
1976 2 190.7 1 668.0 2 551.6 1 919.4 2 881.1 2 205.3 1 245.6 873.3 t 019.8 737.5
1977 2 018.7 1 624.6 2 339.2 1 982.7 2 740.7 2 354.7 1 453.0 1 170.9 Y4 242.4 946.5
1978 2 0%91.2 1 722.9 2 282.3 1 877.6 2 753.7 2 309.3 1 306.0 1 136.0 1 234.6 988.5
1979 1 662.7 1 466.1 2 087.4 1 812.1 2 379.8 2 187.9 1 038.5 931.7 958.2 822.8
1880 1 793.5 1 452.5 2 206.1 1t 928.1 2 691.5 2 298.8 1 287.1 984.7 1 054.4 671.7



Table A.9

Supply and Disposition for the Five Principal Grains, Prairie Provinces

Historical Data

Year Beginning Production Available Marketings Seed Feed Ending Total

Carryover Supply Waste & Carryover Disposition

Dockage

..... et oo e e e acmseesensesssssscnsasccsssccsscce "O00 TONNES .t eeneeeecesssansssnseosasnassnnsenssssssssossesssssssnsss
1969 14 241 31 830 46 071 15 776 1 62% 8 817 19 853 46 071
1970 18 853 24 440 43 293 18 226 1 155 9 913 13 9299 43 293
1971 13 295 33 784 47 079 22 600 1 571 10 434 12 4728 47 079
1972 12 197 30 308 42 505 24 335 1 552 10 809 5 B80S 42 505
1973 5 605 31 770 37 375 21 560 3 173 7 858 4 784 N 37 375
1974 4 522 25 719 30 241 17 702 1 561 7 547 3 431 30 241
1§75 3 171 31 210 34 381 21 358% 1 551 7 420 4 055 34 381
1976 3 494 38 066 41 559 22 642 t 724 7 816 9 377 41 559
1977 9 020 36 482 45 501 27 204 1 643 7 310 9 344 45 501
1978 9 022 37 044 46 066 23 372 1 624 7 979 13 091 46 066
1979 12 109 30 570 43 679 27 355 1 549 8 414 6 361 43 679
1980 6 044 33 947 39 992 27 628 1 661 6 435 4 268 39 992



Table A.10

Exports {(Ex) and Domestic Marketings {(Dom) by Principal Grain, Prairie Provinces
Historical Data

Year Wheat Wheat Oats ‘Oats Barley Barley Rapeseed Rapeseed Flaxseed Flaxseed
Ex Dom Ex Dom Ex Dom Ex Dom Ex Dom

et e s sessecesescsesesssssscssssscssssnesnsssess 000 TONNES +0cveeenenn v e a s e ce e e PP c e e e e s e .

1870 4 409 5 876 615 258 3 846 1t 180 1 059 27 1 003 -150
1971 9 721 4 265 —298 458 5 222 1 101 1 665 - 86 340 208
1872 13 989 3 187 ~279 480 4 110 962 1 018 401 305 160
1973 13 265 1 285 116 472 4 088 958 610 374 307 84
1974 7 438 4 028 268 ) 328 1 783 2 662 1 159 ~240 384 -10%9
197% 11 354 2 539 SS 672 3 085 1 485 603 742 193 201
1976 12 914 1 981 399 401 4 269 1 408 875 145 178 69
1977 17 276, 1 783 389 347 3 627 1t 535 1 508 243 424 71
1978 10 652 3 783 - 45 352 3 087 2 209 2 298 - 91 335 82
1979 16 724 1 3805 -410 301 2 741 2 573 2 595 252 564 109
1980 16 9285 1 513 - 85 372 5 962 3293 1 497 628 226 198




Table A.11

Revenues (Rev) and Costs by Principal Grain,
Historical Data

Prairie Provinces

Year Wheat wWheat Oats Oats Barley Barley Rapeseed Rapeseed Flaxseed Flaxseed

Rev Costs Rev Costs Rev Costs Rev Costs Rev Costs

e et s eceeasensaces e s nesreseeeaeeseesesece e e 3 000 .iiii ittt ies s e t e e e e ces e e
1975 1 953 554 71 160 427 323 301 208 101 44
1976 1 595 747 58 167 456 354 280 102 65 25
1977 2 095 s 717 45 160 444 420 484 218 102 50
1978 2 160 832 22 142 417 405 810 442 113 48
1979 3 258 931 - 8 126 502 397 755 570 187 o8
1980 3 898 1 134 32 142 840 562 5382 408 135 70



Table A.12

Revenues (Rev) and Costs, Prairie Provinces
Historical Data

Total
Dom
Revenue

Total Total
Total Variable Fertilizer Total
Revenue Costs Costs Costs




Table A.13

Elevation Charges on Canadian Wheat Board

($/tonne)




Table A.14
Average Price of Rapeseed and Flaxseed Received

in Prairie Provinces

($/tonne)
Rapeseed Flaxseed
Year Manitoba Sask. & Alta. Manitoba Sask. & Alta.
1970 105.82 104.50 1t01.18 99.60
1971 103.61 102.29 84 .64 83.07
1972 94 .80 93.48 78.74 77.16
1973 136.68 135.36 161.40 1692.83
1974 257.50 256.17 375.96 374.39
1875 311.73 310.41 376.36 374.78
1976 225.31 223.99 257.86 256.29
1977 256.61 255,29 266.92 265,34
1978 286.60 285.28 196.84 195.27
1879 275.58 274.25 295.26 293.69
1980 279.98 278.44 320.06 318.53



Barley

Rapeseed

Flaxseed

Table A.15

Average Raill Freight Rates

($/tonne)
Manitoba via Saskatchewan via Alberta via
Thunder Bay Vancouver or Thunder Vancouver
from Carberry Bay from Scott from Hanna
3.53 5.07 5.07
3.50 5.06 5.06
3.54 5.05 5.05
3.88 5.42 5.42
3.86 5.39 5.39




Table A.16
Canadian Wheat Board (CWB) and Open Market {(OM) Shipments

of Wheat, Oats and Barley

wheat Oats Barley
Year CWB oM CWB OM CwWB oM
1970 875 [} 429 0 871 0
1971 686 0 493 o 802 o
1872 877 0 562 [¢] 880 0
1973 643 [ 482 8] 954 ¢}
1974 338 286 218 173 173 154
1975 194 222 87 376 375 129
1976 o] 3385 0 307 o 961
1977 o] 592 0 377 ¢] 1,117
1978 [¢] 790 o) 282 0 1,463
1979 ¢] 427 0 315 4] 1,502
1980 3] 328 0 347 0 1,182




Table A.17

Coverage of the Total Costs Incurred in the 1974, 1977 and
1980 Transportation of Statutory Grain by Rail

Amount of
Cost Coverage

Total Percentage
Source of Dollars Dollars Distribution
Cost Coverage {millions) per ton of coverage
18974
User revenues 89.717 4.36 36.3
Federal Government
Payments 54,364 2.64 22.0
Other contributors 103.028 5.00 41.7
TOTAL 247.109 12.00 100.0
1977
User Revenues 114.764 4.58 32.4
Federal Government
Payments 78.638 3.13 22.2
Other contributors 160.536 6.40 45.4
TOTAL 353.938 14.11 100.0
1980
User Revenues 132.873 4.46 24.3
Federal Government
Payments 170.166 5.72 31.1
Other contributors 244 .441 8.21 44.6

Note: A 6 percent inflation rate was assumed between 1974 and 1977.
A 10 percent inflation rate was assumed between 1977 and 1980.



Table A.18

Actual and Predicted Nutrient Inccrporation Rates

Year Manitoba Saskatchewan Alberta
Nitrogen Nitrogen Phosphorus Nitrogen Nitrogen Phosphorus Nitrogen Nitrogen Phosphorus
Fal Stub Fal Stub Fal Stub

Actual Nutrient Incorporation

19785 5.69 1.65 3.49 2.03 0.55 1.84 6.24 2.39 3.12
1976 6.79 1.84 3.30 2.02 0.55 1.47 6.98 2.39 2.75
1977 6.98 1.65 3.12 2.57 0.55 1.47 8.63 2.20 3.12
1978 7.16 2.02 3.49 3.49 g.92 2.02 9.00 2.57 3.30
1979 10.10 3.49 4.59 4.59 2.02 1.10 9.36 2.94 3.67
1980 10.28 3.12 4.59 4.59 1.29 1.84 8.8t 3.12 3.49
Predicted Nutrient Incorporation
1975 6.93 2.04 4.28 3.15 0.96 2.50 6.86 2.56 3.7t
1976 7.85 2.18 4.04 3.06 0.92 2.16 7.49 2.17 3.23
1977 7 .85 1.95 3.73 3.51 0.87 2.04 9.03 2.30 3.53
1978 7.85 2.27 4.04 4,34 1.19 2.55 9.29 2.65 3.67
1979 10.60 3.70 5.01 5,35 2.25 1.58 9.54 2.98 3.97
1980 10.60 3.32 4,96 5.25 1.47 2.27 .88 3.15 3.74



APPENDIX B - SCENARIO ONE RESULTS



Acreage by Seedbed and Crop,

Table B.1

Prairie Provinces

Scenario One -~ Benchmark Simulation

115

-

320
133
895
S00
635
007
200
105

WON W W N W W N NN

440
094
954
587
30t
119
776
320
525

Rapeseed
Fal

Rapeseed Flaxseed Flaxseed
Stub Fal Stub
207 341 407
177 393 189
202 193 184
349 397 272
411 265 282
490 236 339
272 118 236
547 182 403
832 178 281
1t 035 226 513
593 184 426



Table B.2

Supply and Disposition For The Five Principal Grains, Prairie Provinces
Scenario One - Benchmark Simulation

Year Beginning Production Available Marketings Seed Feed Ending Total

Carryover Supply Waste & Carryover Disposition

Dockage

e e s e e cececsccccscorseoracsassssnsasecseae 000 TONNES .ittiiiecenrencnnnnsn c e s e e e e s t e s a s s s eanns PR
1870 18 853 23 512 42 365 i8 400 1 t10 9 844 13 o1t 42 365
1971 13 0t1 34 212 47 223 21 781 1 624 10 618 13 200 a7 223
18972 i3 200 29 287 42 486 21 354 1 473 11 258 8 401 42 A86
1973 8 40t 32 550 40 950 21 251 1 708 9 387 8 604 40 950
1974 8 604 25 464 34 068 20 748 1 525 7 712 4 083 34 068
1375 4 083 32 672 36 755 23 200 1 674 7 388 4 493 36 7585
1976 4 493 36 402 40 895 23 100 1 669 7 816 8 310 40 895
1977 8 310 36 554 44 864 25 700 1 671 7 277 10 216 44 864
1978 10 216 . 36 085 46 301 24 771 1 570 8 176 11 784 46 301
1979 11 784 29 754 41 538 25 132 1 515 8 841 6 050 41 538
1980 6 050 33 969 40 019 23 969 1T 675 6 340 8 035 40 019



Table B.3

Exports (Ex) and Domestic Marketings (Dom) by Principal Grain, Prairie Provinces

Scenarioc One — Benchmark Simulation

Year Wheat Wheat Oats Oats Barley Barley Rapeseed Rapeseed Flaxseed Flaxseed

Ex Dom Ex Dom Ex Dom Ex Dom Ex Dom
f et escessessasarsasecserrerreacccsssssscssss 000 Tonnes ...... c e e e cee e c e e e e e e e s cee e
1970 540 5 976 437 258 2 291 1 180 1 000 27 840 -150
1971 9 489 4 265 -521 235 S 160 1 101 1 663 - 86 264 208
1972 11 164 3 187 -774 - 15 5 363 962 731 401 173 160
1973 13 082 1 285 38 472 3 908 958 675 374 374 84
1974 S 108 4 028 -110 219 3 281 2 €62 i 448 ~-240 460 -109
1875 12 414 2 539 376 672 4 102 1 485 504 742 165 201
1976 14 907 1 981 424 401 2 85t 1 408 766 145 147 69
1977 15 354 1 783 110 347 4 769 1 535 1 132 243 356 71
1978 12 429 3 783 -329 - 68 4 019 2 209 2 293 - 91 300 89
1979 15 618 1 S80S 868 157 2 407 2 573 2 837 252 455 109
1980 14 301 1 513 2 454 4 691 329 1 681 628 174 198




Revenues (Rev) and Costs by Principal Grain,

Table B.4

Scenario One - Benchmark Simulation

Prairie Provinces

Rapeseed
Rev

- I ¢ 11 N0

605
763

771

Barley Barley
Rev Costs
523 376
342 330
542 426
490 470
470 412
670 546

Rapeseed Flaxseed Flaxseed
Costs Rev Costs
188 94 42
146 57 28
194 88 50
368 104 o 41
536 157 78
448 118 74



1975
1976
13977
1978
1979

1980

Table B.5

Revenues (Rev) and Costs, Prairie Provinces
Scenario One —~ Benchmark Simulation

Total Total Total Total
Export Dom Total Variable Fertilizer
Revenue Revenue Revenue Costs Costs

e e 0 e e e s e s e e e e e o e s e eas e ees e et eee st $ 000 4o venmueneennannsnnnna PR
2 272 766 2 938 1 082 225
2 090 410 2 505 1 155 215
2 491 431 2 922 1 268 232
2 871 743 3 614 1 341 288
3 777 662 4 439 1 468 381
4 163 651 4 814 1 77% 451

Gross




Table B.6

Difference Between Simulated Revenues (Rev) and Costs, Prairie Provinces
Production Minus Benchmark Simulation

Year Total Total Total Total
Export Dom Total Variable Fertilizer Total Gross
Revenue Revenue Revenue Costs Costs Costs Margins

t e o e et s e e as s s s s e esececaccaste st s oo 0o D - 2 1 ¢ 1 ¢ R ceseaeseansana [

Difference Between Simulations

1975 216 0 216 1 0 1 216
1976 433 0 433 8 2 10 423
1977 295 ~ 1 294 29 11 40 254
1978 340 2 342 30 16 46 295
1979 -750 61 -683 54 36 90 -780
1980 . 324 -37 287 18 19 37 251
Compounded Difference Between Simulations
1975 347 0 347 2 0 2 347
1976 695 0 6385 13 3 16 679
1877 433 - 1 432 43 16 59 373
1978 460 3 463 41 22 63 399
1979 -928 75 ~853 67 45 112 -965
1980 324 ~37 287 18 19 37 251
Sum of Compounded Difference Between Simulations
1975 347 0 347 1 0 1 347
1976 1 042 [¢] 1 042 14 3 17 1 025
1977 1 475 -1 1 474 57 19 76 1 399
1978 1 935 1 1 936 98 41 139 1 798
1979 1 007 77 1 084 164 86 250 832
1980 1 331 40 1 371 182 104 286 1 083

Note: May not add due to rounding.



APPENDIX C — SCENARIO TWO RESULTS



Table C.1

Acreage by Seedbed and Crop, Prairie Provinces
Scenario Two - Production and Technology Simulations

Year Wheat wheat Oats Oats Barley Barley Rapeseed Rapeseed Flaxseed Flaxseed
Fal Stub Fal Stub Fal Stub Fal Stub Fal Stub

c e e ceatescnscsessesssssssesesssssssssenssssrnsese 000 Hectares ......cevceeecann.n cere e

Production Simulation

1975 7 249 2 333 681 1 413 1 528 2 988 1 217 491 241 361
1976 7 370 3 766 530 1 551 S01 2 372 824 301 125 248
1977 7 860 3 133 342 1T 071 1 043 3 559 634 603 157 341
1978 6 762 3 492 401 918 1 065 3 351 1 139 1 120 124 255
1979 6 928 4 338 31t 1 230 834 2 573 1 368 935 137 541
1980 5 983 5 911 402 553 460 1 746 2 263 1 254 136 564
Technology Simulation
1875 7 308 5 863 621 1 130 1 367 4 408 1 417 1 265 203 366
1976 3 098 11 641 222 930 403 3 102 463 1 231 58 240
1977 4 480 8 904 211 677 656 4 415 498 1 820 112 340
1978 3 943 9 221 241 548 689 4 090 591 2 292 87 219
1979 3 888 10 147 195 877 540 3 072 o288 1 881 103 492
1980 3 418 11 394 252 330 293 1 3827 1 674 2 197 S0 532




Table C.2

Average Yield by Seedbed and Crop, Prairie Provinces
Scenario Two - Technology Simulation

Year Wheat Wheat Oats Qats Barley Barley Rapeseed Rapeseed Flaxseed Flaxseed
Fal Stub Fal Stub Fal Stub Fal Stub Fal Stub

et e s s s e st e cecnscsasessrsesecssseeseesssessrecceanre K PEr Ha .t e vneereninnecncneenn “ e e e s e e e e P

13875 1 970 1 480 2 370 1 830 2 570 i 990 1 060 760 2950 680
1976 2 360 1 760 2 710 2 000 3 050 2 300 1 250 2920 i 110 770
1977 2 130 1 640 2 490 2 130 2 8390 2 440 1 420 1 130 1 330 1 020
1978 2 170 1 720 2 360 1 960 2 830 2 410 1 300 1t 080 1 290 1 020
1979 1 730 1 420 2 180 2 050 2 460 2 300 1 040 870 870 870
1980 1 900 1 430 2 240 2 080 2 820 2 440 1 270 960 1 060 650




Table C.3

Supply and Disposition for the Six Principal Grains, Prairie Provinces
Scenario Two Simulations - Production and Technology Simulations

Year Beginning Production Available Marketings Seed Feed Ending Total
Carryover Supply Waste & Carryover Disposition
Dockage

Product Simulation

1875 4 083 32 420 36 503 24 541 1 650 7 428 2 883 36 502
1976 2 883 36 300 33 183 26 778 1 674 7 848 2 883 39 183
1977 2 883 37 338 40 221 28 332 t 721 7 285 2 883 40 221
1978 2 883 36 740 39 623 27 260 1 620 7 860 2 883 39 623
1979 2 883 31 598 34 478 22 095 1 665 7 835 2 883 34 478
1980 2 883 31 660 34 543 23 627 1 562 6 471 2 883 34 543
Technology Simulation
1976 4 083 41 192 45 274 32 811 2 069 7 511 2 883 45 274
1976 2 883 40 564 43 447 30 722 1 962 7 880 2 883 43 447
1977 2 883 42 009 44 892 32 669 1 956 10 267 2 883 44 892
1978 2 883 41 425 44 308 31 638 1 893 10 777 2 883 44 308
1979 2 883 34 901 37 784 25 126 1t 914 10 744 2 883 37 784
1980 2 883 34 294 37 178 26 008 1 817 9 353 2 883 37 178



Table C.4

Exports (Ex) and Domestic Marketings (Dom) by Principal Grain, Prairie Provinces
Scenario Two — Production and Technology Simulations

Year wheat Wheat Qats Oats Barley Barley Rapeseed Rapeseed Flaxseed Flaxseed
Ex Dom Ex Dom Ex Dom Ex Dom Ex Dom

Production Simulation

1975 13 480 2 540 386 672 4 030 1 485 810 742 196 201
1976 18 228 1 981 SS6 401 2 336 1 408 1 021 145 191 69
1377 17 071 1 783 - 13 334 5 670 1 535 1 240 2423 384 71
1878 14 107 3 783 -305 91 943225 2 203 2 5382 - 91 252 89
1979 13 585 1 905 165 711 621 2 573 1 814 252 353 109
1980 16 330 1 513 -333 124 1 235 329 3 093 628 176 198

Technology Simulation

1975 19 413 2 539 -20 652 6 104 1 485 1 487 742 186 201
1976 23 154 1 981 -796 -395 2 838 t 408 1 385 145 136 69
1877 20 045 1 783 -925 -578 6 959 1 535 2 250 243 361 71
1978 18 115 3 783 -1 241 -845 5 161 2 209 3 02t - 91 195 89
1979 16 487 1 905 -621 -90 1 279 2 573 2 117 252 3t4 108
13980 19 166 1 513 -990 —-533 1 373 323 3 211 628 123 198




Table C.5

Revenues (Rev) and Costs by Principal Grain, Prairie Provinces
Scenaric Two — Production and Technology Simulations

Year Wheat Wheat Cats Oats Barley Barley Rapeseed Rapeseed Flaxseed =~ Flaxseed
.Rev Costs Rev Costs Rev Costs Rev Costs Rev Costs

. 1 ¢

Production Simulation

1975 2 191 608 98 170 516 358 347 220 102 44
1976 2 164 789 101 i86 301 284 297 162 69 29
1977 2 073 814 20 135 620 436 410 188 S3 42
1978 2 677 836 - 15 135 506 450 696 358 91 34
1879 2 709 1 044 61 182 302 389 548 398 130 74
1980 3 760 i 328 - 23 124 209 291 1 036 708 119 88
Technology Simulation
1975 3 003 903 58 146 710 440 499 209 99 42
1976 2 691 1 184 -87 107 341 314 390 144 54 25
1977 2 400 1 109 - 91 88 731 492 689 214 89 40
1978 3 277 1 191 ~148 83 580 501 816 287 76 29
1879 3 216 1 428 - 49 130 364 423 629 320 117 66
1980 4 358 1 780 -168 78 227 298 1 069 489 102 81




Table C.6

Revenues (Rev) and Costs, Prairie Provinces
Scenario Two — Production and Technology Simulation

Year - Total Total Total Total
Export Dom Total vVariable Fertilizer Total Gross
Revenue Revenue Revenue Costs Costs Costs Margins

R I L D ceee e .-

Production Simulation

1975 2 488 766 3 254 1 083 225 1 308 1 946
1976 2 523 410 2 932 1 1632 217 1 380 1 552
1977 - 2 786 430 3 216 1 297 243 1 540 1 676
1978 3 211 745 3 956 1 371 304 1 675 2 281
1979 3 027 723 3 750 1t 522 417 1 939 1 811
1980 4 487 614 5 101 1 793 470 2 263 2 839
Technology Simulation
1975 3 605 764 4 3é9 1 404 335 1t 739 2 630
1976 3 038 352 3 380 1 451 323 1 774 1 616
1977 3 443 375 3 818 1 596 345 1 941 t 876
1978 3 922 679 4 601 1 669 421 2 020 2 511
1879 3 609 679 4 288 1 823 544 2 367 1 923
1980 5 048 542 5 590 2 118 607 2 725 2 864



Difference Between Simulated Revenues {(Rev) and Costs, Prairie Provinces

a

TaBde

c.7

Technology Minus. Benchmark Simulation

Total
Export
Revenue

Total

Costs

1975
1976
1977
1978
1979
1980

1975
1976
1977
1978
1979
1980

N=WWNW
O ~-WwWOW
B = QU=
OO0

5 633
4 810
4 934
4 203
1 255
2 644

|
-

-“-l) -

QUI=NOQC

Total
Total Variable
Revenue Costs
e e s e e e $ 00

Difference Between Simulations

510
2997
346
110
034
534

N-WWwNW

Compounded

5 633
4 810
4 917
4 204
1-280
2 534

322
311
338
352
412
350

Difference Between Simulations

517
499
497
476
510
350

460
416
471
544
664
771

738
668
692
735
822
771

Sum of Compounded Difference Between Simulations

4 380
0 442
5 383
S 564
0 843
3 377

517
016
5132
848
498
848

WD N -

738
406
098
426
655
426

- s

782
727
809
836
078
121

255
167
189
211
332
101

NN

-

NWWbh

729
270
537
213
—-44
413

380
€642
728
992

413

380
022
750
742
688
101

Note:

May not add due to rounding.





